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CHAPTER 1 
INTRODUCTION 
Reprinted with permission from: 
J. Cell Sci. vol.90, 11-36, 1988. 
Natuurwetenschap Is een lucifer die de mens net heeft aangestoken. Hij dacht 
dat hij zich bevond in een zaal, in ogenblikken van vervoering een tempel, en 
dat zijn licht zou terugkaatsen van, en hem een blik zou gunnen op, wanden met 
Inscripties die wonderbare geheimen bevatten en pilaren, besneden met wijsgerige 
steeksels die tot een harmonisch geheel waren gewrocht. 
Het is een merkwaardige gewaarwording, nu het eerste gesputter voorbij is en de 
vlam helder brandt, om zijn handen verlicht te zien en alleen een glimp van 
hemzelf en de plaats waar hij staat, en om hem heen, In plaats van al die 
menselijke troost en schoonheid die hij had verwacht, nog steeds duisternis. 
(H.G. Uells) 
PREFACE 
The detection of changes in nuclear structure (chromatin condensation, increase 
in nuclear size, appearance of nucleoli) by light-or electron microscopy is one 
of the most important criteria for the diagnosis of malignancy in surgical 
pathology. Recent investigations, using biochemical and immuno(histo)chemical 
techniques have suggested that differences in the protein composition of nuclei 
from normal and malignant cells exist, especially when nuclear matrix 
preparations were examined. The nuclear matrix is defined as the detergent-, 
nuclease-, and salt-resistant entity composed of components of the nucleolus, a 
non-histone intranuclear meshwork, and a peripheral layer composed of the lamina 
with its pore-complexes (1). Fey and Penman have shown that proteins of the 
nuclear matrix vary in a cell-type-specific manner (2,3). Although these 
publications showed only preliminary data on this subject, other investigators 
strongly indicate that the composition of the nuclear matrix may be altered in 
malignancy (4-6). Thus, monoclonal antibodies directed against nuclear matrix 
proteins either present or absent upon malignancy may be powerfool diagnostic 
tools in determining both the degree of malignancy and metastatic potential. 
Moreover, one should be able to accurately determine the tissue of origin in 
tumors that are difficult to diagnose. 
This thesis deals primarily with the composition and structural organization of 
the nuclear matrix. For this purpose we have first re-examined the procedures 
for isolating nuclear matrices from suspension cultured cells. After the 
establisment of a routine procedure, and verification of its reproducibility, ve 
have focused on the biochemical and immunochemical characterization of several 
nuclear matrix proteins. 
The ultimate aim of these investigations will be to develop isolation procedures 
for nuclear matrices from solid tissues and to see whether or not an analysis of 
the protein composition of different neoplasms, either by two-dimensional gel 
electrophoresis or by immunochemistry with monoclonal antibodies, will allow the 
distinction of such neoplasms, especially in those cases where routine histology 
or immunocytochemistry using other types of antibodies do not give conclusive 
results. 
1. Verheijen,R. , van Venrooij,V.J. and Ramaekers.F. (19BB). J. Cell Sci. 
90, 11-36. 
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2. Fey,E.G. , Wan,К.M. and Penman,S. (1984). In: Molecular Biology of the 
cytoskeleton. (eds. G.G.Borisy, D.W.Cleveland and D.B.Murphy), pp.87-100. 
Cold Spring Harbor Laboratory, New York. 
3. Fey,E.G. and Penman,S. (1988). Proc. Natl. Acad. Sci. USA. 85, 
121-125. 
4. Berezney.R. , Baster,J. , Hughes,B.B. and Kaplan,S.С (1979). Cancer 
Res. 39, 3031-3039. 
5. Busch,H. , Gyorkey,F. , Busch,R.K. , Davis,P.M. , Gyorkey,Ph. and 
Smetana.K. (1979). Cancer Res. 39, 3024-3030. 
6. Isaacs,J.T. , Barrack,E.R. , Isaacs.W.B. and Coffey,D.S. (1981). In: 
The prostatic cell: structure and function. (eds. G.P.Murphy, 
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Introduction 
The term miLlc.ir matrix was first introduced by 
Hertvney & C'()ffe\ ( 11)74) to denote a highly structured 
residual framework obtained from rat liver nuclei bv 
sequential salt extractions, detergent and nuclease 
treatments. The isolated three-dimensional structure 
consisted almost entirely of protein. Subsequent 
studies showed that when protease inhibitors were 
included in all isolation steps and rihonuclcasc (RNasc) 
was onutted, the isolated nuclear matrix contained 
RNA as the second most abundant component (Her-
man.'/ nl. I<)78·, Mil ler el al 1978ο; Shapcr <·/«/. 1979; 
I)crc7iicv, 1980; \an Hekelen & \an Venrooij, 1981; 
Manman cl al 1982л; l-'ev el al. 1986η,/)). In this 
rcMcw the term nuclear matrix is denned as the 
biochcniieal cntitv that can be isolated after sequential 
extraction of cells wi th non-ionic detergents, nucleases 
and lugli-salt buffers (Sliapcre/n/. 1979). With respect 
to the nucleases, it should be staled here that several 
authors use only denxynbonuclcascs (ONases), while 
others use DNases in combination with RNascs. Nu­
clear matrices have been isolated from a wide variety of 
mammalian and non-mammalian cell tvpcs (reviewed 
bv Shapcr ci al 1979; Barrack St Coffey, 1982). 
Jramiil.il tell Suuui '1(1, I I Iftd'WH) 
I'nnud HI (JTI.M Dntain © 1 In ( t»ii|uiiv of llioliiifitls Limited IVRR 
I lowcvcr, it lias been shown not to be an obligatory 
nuclear component (Lafond & Woodcock, 1983). 
In general, nuclear matrix preparations from differ­
ent cells and tissues possess some common structural 
entities: (1) the residual elements of the nuclear 
envelope, also designated the pore complex-lamina; 
(2) the residual nucleoli; (3) a granular and fibrous 
internal matrix structure that extends throughout the 
interior of the nucleus. 
In recent years various studies have implicated the 
nuclear matrix as being involved in nuclear activities 
such as D N A metabolism (reviewed by Bcrczncy, 
1984; Jackson el al. 1984; Ra/.int'/я/. 1985; Vogelstem 
el al 1985; Zchnbauer & Vogelstem, 1985; Nelson et 
al 198ft), U N A transcription, processing and transport 
of RNA (Zcitlin et al. 1987; reviewed by Bcrczncy, 
1984; Jackson el al 1984; Vogelstem cl al 1985; 
Zchnbauer St Vogelstem, 1985), steroid hormone ac­
tion (reviewed bv Barrack 8e Coffey, 1982; Diamond St 
Barrack, 1984; Kirsch et al. 1986; Alexander et al. 
1987) and viral replication (reviewed by Berczney, 
1984; Simard et al. 1986). The nuclear matrix also 
seems to play a role in carcinogenesis (Bcrczncy, 1984). 
It is important to note that the suggested role for the 
nuclear matrix in various nuclear functions is based 
primarily on the recovery of several relevant functional 
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Fig. I. Scheniatie view of a 
cell nucleus. The nuclear 
envelope is composed of 
inner and outer nuclear 
membranes, which fuse at the 
regions where nuclear pores 
are situated. The nuclear 
lamina is localized on the 
nucleoplasmic site of the inner 
membrane. 
molecules in nuclear matrix preparations, and thus 
comprises only circumstantial evidence. T h i s aspect 
has to be borne in m m d in discussing the relation of 
particular nuclear functions with the nuclear matrix. 
Although in this review we want to focus mainly on 
recently characterized nuclear matrix proteins, increas­
ing evidence indicates that heterogeneous nuclear RNA 
( h n R N A or pre-mRNA) plays a structural role in the 
organization of the internal nuclear matrix (Miller e/ al. 
І978я; Berczney, 1980; Brasch, 1982; Gallmaro «•/n/. 
1983; Long & Schner , 1983; Fey et ai. 1986я,Л). 
Therefore, part of this review will be dealing with 
RNA processing and transport in the nucleus as well. 
T h e main thesis proposed in this respect is that RNA 
polymerase II transcripts, soon after the initiation of 
their synthesis, bind to proteins to set up a structural 
backbone. Among these proteins arc the so-called core 
proteins. Subsequently, other functional molecules 
that are involved in RNA and D N A metabolism may 
be tethered to this I m R N P structure. During process­
ing and transport the R N A remains involved in the 
maintenance of the integrity of the internal matrix and 
is not released until after the last maturation step, that 
is after changing its set of core proteins for proteins 
known to be associated with cytoplasmic m R N A . 
The pore complex-lamina 
T h e major structural components of the nuclear envel­
ope arc the inner and outer nuclear membranes enclos­
ing a lumen or perinuclear space, as well as the nuclear 
lamina and pore complexes. T h e outer membrane on 
the cytoplasmic side appears to be continuous with the 
rough endoplasmic reticulum and is covered with 
ribosomes on its outermost surface. T h e inner mem­
brane is smooth. T h e nuclear pore complexes are 
situated in those regions where the two membranes 
fuse (Franke f i n / . 19816; Gcrace, 1986). 
T h e nuclear lamina is a fibrillar meshwork of pro-
teinaceous material, which is intercalated between the 
chromatin and the inner membrane of the nuclear 
envelope (sec Fig. 1). 
In preparing nuclear matrices, the nuclear envelope 
is exposed to buffers containing non-ionic detergents, 
nucleases and high-molarity salt buffers. Morphologi­
cally, only the pore complexes and the nuclear lamina 
seem to be resistant to such treatments. T h i s residual 
framework is, therefore, mostly referred to as the 
nuclear pore complex-lamina, and is considered to be a 
part of the nuclear matr ix . It should be noted, how­
ever, that much of the data about the pore complex-
lamina have not originated from studies of nuclear 
matrix preparations b u t from investigations on isolated 
nuclear envelopes. 
The nuclear pore complexes 
T h e nuclear pore complexes are large organelles that 
form channels for nucleocytoplasmic transport through 
the nuclear envelope (reviewed by Newport & Forbes, 
1987). T h e y have also been postulated to serve as gene-
gating organelles capable of interacting specifically 
with expanded (transcribable) portions of the genome 
(Blobel, 1985). 
T h e pore complexes are non-randomly distributed 
on the nuclear surface. T h e i r three-dimensional struc­
ture has been determined by electron microscopy using 
nuclear envelopes from Xenopus oocytes (Unwin & 
Milligan, 1982). These authors found the pore complex 
12 K. Veiiieijen et al. 
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to be a symmetrical structure (outer diameter ± 
120nm) framed by two widely separated, coaxial rings. 
Kacli ring is composed of eight globular subunits, and 
attaches to the nuclear membranes. Connected to these 
rings and extending radially inwards from them along a 
central plane arc elongated structures called spokes. 
These spokes appear to contact a large central spherical 
particle, the plug. 
Until 1982 none of the pore complex polypeptide 
constituents had been defined and characterized. !n 
recent years, however, the nuclear envelope of the 
Xenopus laerís oocyte (sec l i g . 2) has been shown to 
contain one principal polypeptide of 68K (K = І()'Л/
Г
) 
that appeared to be a major component present In both 
lamina and pore complex preparations (Stick & 
Krohne. 1982; Benavente et al. 1984о). Gerace el al. 
(1982) identified a prominent I9()K nuclear pore com­
plex gKcoprotein (gpl9()) in rat liver nuclear envel­
opes. On the basis of its biochemical characteristics, 
these authors have suggested that the protein is in­
volved in anchoring the pore complex to the nuclear 
envelope membranes. 
Davis & Blobel (l9Sf)) have identified and character­
ized a (¡ZK protein of the nuclear pore complex from rat 
liver. This protein was shown to be synthesized as a 
soluble cytoplasmic precursor of 61K. After incorpor-
ation of the protein into the nuclear fraction the 
protein seems to be modified by additio.i of Л-acetyl-
glucosamine residues. 
gpl90 as well as the 62K protein remain associated 
with the pore complex-lamina after Tr i ton X-lOO 
extraction at low-ionic strength. However, the interac­
tion of both proteins with the pore complex-lamina 
fractions w as found to be destabilized in the presence of 
elevated salt concentrations. 
Recently, Geracc and co-workers reported on the 
identification of eight structurally distinct pore com­
plex proteins with common epitopes, isolated from rat 
liver cells (Snow et al. 1987). These polypeptides with 
apparent molecular weights of 210, 180, 145, 100, 63, 
58, 54 and 45 ( x l O 1 ) copurified with the pore com­
plexes under various conditions of ionic strength and 
non-ionic detergent, and were characterized using 
monoclonal antibodies. All members of this group of 
proteins contained multiple O-linked Л-acetylglucos-
aminc residues (see also Holt el al. 1987). Using 
immunoelectron microscopic techniques it was found 
that the proteins recognized by the monoclonal anti­
bodies were situated on the cytoplasmic as well as on 
the nucleoplasmic surfaces of the nuclear membranes, 
but were absent from the lumen. Because of some 
similarities between the biochemical properties of the 
63K protein and the 62K protein described bv Davis & 
Blobel (1986), it was concluded by Snow el al. (1987) 
Fig. 2. Klcctrnn тістоцпірЬ showing the nuclear envelope mamiallv isolated from oocytes of Л', laens (for details sec 
Franke & Scheer. 1970; Stileer. 1972). In the upper picture numerous pore complexes arc denoted bv vertical arrows. 
brackets denote some of mlranuelear tangles of the fibrils associated with the pore complexes. In the lower picture the 
arrows denote the individual annular granules on either side of the pore margin, the arrowhead points to the central 
granule. N. imcleoplasmic side; C, cytoplasmic side; 0, outer side; i. inner side of the nuclear envelope. Note that ill these 
cells the nuclear lamina at the inner aspect of the nuclear envelope is \erv thin and bareK detectable. In whole-mount 
preparations it appears as a single laver of a loose filamentous meshwork (Scheer el al. 1976; Aehi el al. 1986). Bars. 
0-1/on. (Courtesy of Professor Dr W. W. Franke.) 
7'/ір nuclear malnx 13 
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that these two pore complex constituents are probably 
identical· 
Remos et al. (lOS.I) ha\c identified a glvcoprotcin 
associated with nuclear matrix pore complex-lamina 
preparations obtained from Ihosophila melaiiogaslei 
cinhnos. The molecular weight of tins protein was 
inilialK estimated to be 17x10 , but more recent 
studies have shown that it was only 2 x 10' smaller than 
gplW described by Gcracc et al. (1982) in rat liver 
This ІУттрІчІа ghcoprotcm is therefore designated 
here as gpl88. It seems to be the homologue of the rat 
liver gplW, since the two polypeptides have some 
biochemical properties in common (Filson et al 1985) 
Anlisera prepared against gpl90 were found not to 
cross-react with gp 188 (Filson e 1 al 1985). In contrast, 
one of the two antibodies raised against gpl88 cross-
reacted weakly with glvcoprotcms of similar molecular 
weight in isolated nuclear fractions from Хенпрш 
oocUcs, as well as chicken, opossum and rat liver 
There was no detectable release of gpl88 from the 
nuclear fraction after treatment with Triton X-WO or 
DNasc I and RNasc Л. extraction of the residual 
nuclear material with 1 M-NaCI resulted in the apparent 
solubilization of approximately 1 0 - 2 0 % of the glvco­
protcin, hut the majority of this component resisted 
salt extraction (and even 5 M-urea) and was found 
associated with the nuclear matrix pore complex-
lamina. 
Bcrrios et al. (1981) have also reported on the 
existence of a 188K protein in the nuclear matrix pore 
complex-lainma fraction of Dmsnphila embryos, 
which is distinct from gpl88. This protein was ident­
ified as an ATPasc/dATPasc and appeared not to be 
glvcosvlatcd, as it was completely resistant to digestion 
bv cndoglvcosidase II. It remains to be determined if 
the ATPase/dATPasc is a real constituent of the pore 
complex in vivo. 
Nuclear matrix preparations described bv many 
authors differ considerably with respect to the high· 
ionic strength conditions under which they are isolated 
It is not known to what extent the pore complex 
proteins described above remain associated with such 
different preparations. When nuclear envelopes are 
exposed to rigorous extraction treatments involving 
solutions of high-ionic strength or non-denaturing 
detergents, the basic structural elements of the pore 
complexes arc still identifiable (Franke et al 19816). 
An interesting postulation in this respect is that only 
the Cdinponents on the cytoplasmic surface would be 
sensitive to salt extraction (Davis & Blobcl, 1986), 
whereas the components on the nuclear surface would 
remain attached to the lamina bv a link that is resistant 
to extraction with high-salt solution. Whether or not its 
link to the lamina makes the nuclear part of the pore 
complex resistant to high-salt extraction remains to be 
examined. 
14 li Yeilieijen et al 
The imcleai lamina 
The nuclear lamina consists of a protcinaceous layer 
situated subjacent to the inner nuclear membrane 
(reviewed by Franke et al 1981/>; Gcracc 8t Blobcl, 
1982; Gcracc, 1986; Krohnc & Benavente, 1986; 
Newport & Forbes, 1987). The lamina is usually co-
punficd together with the pore elements. The predomi­
nant polypeptides in such preparations are the lamms, 
proteins in the molecular weight range of 60-80 
(ХІ0 ), which arc immunologically related. In mam­
mals and avian species three main lamm proteins, i.e. 
lanuns Л, В and C, have been characterized, while at 
least five different lamms have been described in 
amphibia and one or two in certain mvcrlebralcs 
(reviewed by Krohnc & Benavente, 1986). Immuno-
histochenucal studies using specific antibodies to the 
lamín proteins have confirmed the localization of these 
proteins at the rim of the nucleus (sec, e.g., Fig. 3). 
Several authors have detected lamm precursors 
(Gcracccfrt/ 1984; Dagcnaispf al. 1985; Lchncre/ al. 
1986), while additional minor components that display 
the biochemical properties characteristic of the lamms 
have been described for rat and chicken by Lchner et 
al. (1986). This indicates that the composition of the 
nuclear lamina m these species is probably more 
complex than previously assumed. 
Recently, McKcon et al (1986) and Fisher et al. 
(1986) have characterized the cDNA clones for human 
lamms A and C. From the protein sequences deduced 
from these cDNAs it became apparent that lamm A has 
an additional region of approximately 9K at its car-
boxyl terminus as compared to lamm С (Fisher et al. 
1986). Both lamín sequences show a marked homology 
with the intermediate filament proteins (reviewed by 
Franke, 1987). In vitro translation studies performed 
by Labberte et al (1984) showed that lamms A and С 
arc encoded for by different mRNAs, with lamm Л 
being a precursor approximately 2K larger than mature 
lamm A. 
Using a mouse monoclonal antibody (IFA) raised 
against a common domain of all intermediate filament 
proteins, I.chel & Raymond (1987), as well as Usborn 
& Weber (1987), have shown that lamm В also shares 
some sequence homology with the intermediate fila­
ment proteins. This homology of the lanuns to the 
intermediate filament proteins may account for the 
fibrillar nature of the lamina as seen, for example, in 
Fig. 4. 
Lamín R is thought to fulfil a role in anchoring the 
lamina to the inner membrane of the lipid bilayer, since 
this protein is more resistant to chemical extractions 
from nuclear membranes compared with lamms A and 
С (Gcracc St Blobcl, 1982; Lcbcl 8c Raymond, 1984). It 
also remains selectively associated with membrane 
vesicles after nuclear envelope disassembly during 
mitosis (Burke & Gcracc, 1986). 
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Fig. 3. Peripheral localization 
of the nuclear lamina in mouse 
Ρ19 cells as detected by an 
antiserum to lamin В. The set 
of pictures was obtained by 
the use of a confocal scanning 
laser microscope (Brakenhoff 
el al. 1985), which scanned 
through the nucleus from 
bottom (1) to top (9) at Ζ·μη\ 
intervals. Bar, 1Π/οπ 
(Courtesy of Dr G . J . 
Brakenhoff & Dr R. van 
Dnel.) 
Recent studies by Georgatos & Blobel (1987я,/)) 
have demonstrated, that lamin В also constitutes an 
intermediate filament attachment site at the nuclear 
envelope, T h e i r approach consisted of ш ет га binding 
studies with isolated bovine lens vimentin and avian 
erythrocyte nuclear membranes . Removal of lamin В 
from the nuclear envelope by urea extraction or 
blocking with anti-lannn В antibodies were found to 
reduce the binding of vimentin to these membranes. 
Other techniques, such as immunoprecipitation, rate 
zonal sedimentation and affinity chromatography, 
pointed to a specific vimcntin-lamit) В association 
under m vitro condit ions. T h e 6-6K carboxyl terminus 
of vimentin was found to be involved in this inter­
action, whereas the binding was positively influenced 
when lamin Л was present. From these data Georgatos 
& Blobel (l ( '87/)) concluded that intermediate fila­
ments may be anchored directly to the nuclear lamina. 
These anchorage places are suggested to be restricted 
to certain distinct foci along the lamina, coinciding 
with nuclear pores, and not to be uniformly distributed 
over the nuclear surlace (sec also Goldman <•/n/. 1985). 
Л direct association between the cytoskeletal frame­
work and the nuclear lamina had been described by 
Capeo et al. (1982) by using whole-mount microscopy 
to visualize nuclear matrices prepared from mouse 3 T 3 
fibroblasts and HeLa cells. Thei r electron micrographs 
showed that cytoskeletal filaments were attached to the 
nuclear lamina. Two-dimensional gel electrophoresis 
revealed vimentin to be present in their nuclear matrix 
fractions. Several other investigators have demon­
strated the presence of vimentin and cytokcratins in 
nuclear matrix preparations from cells grown in sus­
pension culture (see, for example, Verheijen et al. 
1986« ). 
Another indication of the attachment of intermediate 
filaments to the nuclear envelope has been reported by 
Staufenbiel & Deppert (1982), who showed that after 
isolation of nuclei from cells grown in suspension 
culture the majority of the cytokeratin and vimentin 
filaments had collapsed onto the nuclear surface but 
still constituted a filamentous system. These collapsed 
filaments could be partially unfolded again by ccntrifu-
gation through an isotonic buffer. 
The nuclear matrix 15 
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Fig. 4. Kutan itlifldowed platinuin/catbcin replica of an isolated and critital-point-dntd IÌIIK niitltar matrix preparation 
slunving tlu I,ninna а^ a niisliwork of апачіопмічпіц S lOnni (ilanitnt^. Cell txtrattion was essential!) performed as 
tlescrìbed b\ Si mani r/ til. (ViHU) (0-5% Triton \-І(Ю. S ^ m l ' DNase I. 2M-NaCI). Bar. |·0μηι. (Courtesy of Dr V. 
Bíbor-ІІаічК ) 
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Λ rcmark.ililc olisci \al ion in the held of lolcrnicdialc 
l i ldmcnt-nuclear matrix interactions has recently heen 
made bv Carino-Ponscca et al. ( 1 9 8 7 ) . These investi­
gators isolated nuclear mat r ix - int ermediat e filament 
scaffolds from cultured rat ventral prostate cells and 
isolated rat uterine epithelial cells. Subsequently, the 
scaffolds were critical-point dried, plat inum-carbon 
replicated and examined bv electron microscopy. I n 
such preparations the intermediate filaments were not 
seen to abut on the nuclear lamina, but rather to be 
looped and to follow the nuclear surface. Short, direct 
connections of a cross-bridge type ( 5 - 7 n m in diam­
eter) extended lalcrallv from the intermediate filaments 
and fused w i l h the nuclear pore complexes (see Fig. 5 ) . 
These cross-bridges appeared to be about 7 5 - 1 0 0 n m 
long in uterine epithelial cells and were shown to be 
associated with cylokcratin filaments, while in fibro­
blasts thev were considerably shorter (approximately 
1 4 n m long) and probably associated with vimentin 
filaments. T h e cross-bridges were not recognized by 
and-cvtokcratin antibodies. Considering the very short 
length of these linking structures, the authors con­
cluded that their finding docs not contradict the 
observations of Gcorgatos & Blobcl (1987n,i>). Also 
Fcv el al (1984n) have clearly shown interactions of 
intermediate filament structures w i t h the nuclear per-
i p h e n (sec Fig. 6 ) . 
Apart f r o m investigations on cytoskclcton-nuclcar 
lamina interactions, other studies have established that 
during interphase the lamina is in intimate contact with 
the peripheral chromatin (Rouhkas, 1986; reviewed by 
I Uncock & Bouhkas, 1982; H u b e r t & Bourgeois, 1986; 
Hancock & Dcsscv, 1987). Such interactions are prob-
ahlv important for stabilizing or maintaining certain 
aspcits of higher-order chromosome architecture ( L c b -
kimski & l/acmnih, .1982/)). 
I n conclusion, the lamina not only determines the 
nuclear shape and the spatial organization of the pore 
complexes, but seems also to be directly involved in 
anchoring both the intermediate filaments and the 
chromosomes at the nuclear periphery during inter­
phase. 
The nucleolar residue 
T h e nucleolus is the site of synthesis and processing of 
prc-ribosomal R N A , and of assembly of the ribosomal 
proteins and ribosomal R N A into prc-ribosomal par­
ticles Onlv a rclatnelv small number of the many 
nuclear proteins arc confined exclusivclv to the 
nucleolus and presumably play specific roles in its 
structure and function. One such major nuclcolar-
spccific protein is nuclcolm or C 2 3 . This phosphoryl-
atcd protein (1 l O K / p I 5 ·5) is probably involved in pre-
r R N A transcription and nbosome assembly (Bugler el 
al. 1982). Small nuclear R N I ' v ( U 3 and 1'8 in particu­
lar), which may function in r R N A processing, arc also 
accumulated in the nucleolus (Epstein el al. 1984; 
Reddy et al. 1985). M a n y authors have dealt with the 
morphological and biochemical aspects of the nucleolus 
(for reviews see Jordan & Collis, 1982; Goesscns, 1984; 
I ladjiolov, 1985; Sommcrvil lc, 1986). 
At the Eighth European Nucleolar Workshop in 1983 
an attempt was made to standardize nucleolar no­
menclature. T h u s , the nucleolar matrix was defined as 
the residual structure left after extraction procedures to 
reveal the nuclear matrix (Jordan, 1984). Such nu­
cleolar matrices retain the size and shape of the original 
nucleoli. However, as nucleolar residues present in 
nuclear matrix preparations may have been subjected 
to treatment with D N a s c I only or with a combination 
of D N a s e I and RNasc A, it is necessary to extend the 
definition given by Jordan ( 1 9 8 4 ) . T h e t e r m nucleolar 
matrix is used here to indicate the residual nucleolus in 
nuclear matrix preparations in which only D N a s c I has 
been used in the nuclease step. 
Litt le is known about the composition of the nu­
cleolar remainders in nuclear matrix preparations. I t is 
difficult to detect any morphological resemblance be­
tween the nucleolar residues found in nuclear matrices 
and structural components of the intact nucleolus. 
Aggregation and condensation of nucleolar structures, 
probably due to the presence of divalent cations, make 
interpretation of electron-microscopic images vcrv dif­
ficult. Procedures using E D T A , however, can vicld 
fairly decondensed nucleolar matrices. T h i s is illus­
trated by the studies of Long & Ochs ( 1 9 8 3 ) , who 
prepared chromatm-deplctcd nuclei from Friend 
erythroleukacmia cells under conditions that avoid the 
use of high salt concentrations. These authors parliallv 
digested the D N A , and then washed the cells twice m 
2 m M - E D T A . Compared with the amounts in whole 
nuclei, the amounts retained in the resulting structures 
were approximately 1 % of the D N A , 65 % of the total 
R N A , 7 0 % of t h e h n R N A , 7 4 % of t h c s n R N A , 2 9 % 
of all protein and 2 % of the histoncs. Although in 
electron micrographs of nuclei treated in this way no 
morphological evidence was found for residual nu­
cleoli, immunofluorescence studies showed that pro­
tein C23 was located in distinct centrally localized 
regions. Exposing these E D T A - p r e p a r e d c h r o m a t m -
deplctcd nuclei to 2 m M - M g C l 2 resulted both in the 
reformation of morphologically distinct residual nu­
cleoli and in aggregation of matrix fibrils. Similar 
effects have been observed in rat liver nuclei b j 
Galchcva-Gargova el al (1982) and also by I lubcrt el 
al ( 1 9 8 1 ) , Bouvier f f al. (1980) and Aaronson & Woo 
( 1 9 8 1 ) . 
For some time it was not clear whether the nucleolar 
matrix structures and the intranuclear matrix network 
were composed of distinct or identical constituents. 
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Fig. 5. \. Rotarv-shadowfd platimim/carhon replica of an isolated, extracted and critical-poinl-dricd rat uterine· tpithclial 
cell. Cell extraction was performed according to iey et al. {V)Wo) in order to obtain nuclear matrix-internicdiatc filament 
scaffolds. Nuclc.n pore complexes are seen attached to intermediate lil.munts through short tilamentmis cross-bridges 
approxim.itelv 5 nm m diameter (arrows). H. Lateral view of the thin filaments, extending from the intermediate filaments 
to (he nuclear matrix in a similar preparation as shown in Λ. The thin filaments are seen to abut on the nuclear lamina 
(arrows) and pore complexes (open arrow). Iilaments with identical diameters link adjacent intermediate (c\tokera(in) 
filaments (arrowheads). liars, ()-2/im. (Courtesy of I)r M. C'armo-Fonseca & Dr A. Cidadâo; sec* also reference Carmo-
l-onsccaw Ы. (I'WH).) 
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'I'lic Iii4t cxpiTiincnt* that prov idcd évidence for difícr-
ciil protein ctiinpositiiins of these two structures were 
performed in rat liver I n Herc7ncy & Coffev (1977) . 
Later, Todorov 8: l ladjiolov (1979) found f i \c distinct 
protein bands wi th apparent molecular weights of 30, 
4(1, 50, 70 and 82 ( X l O 1 ) enriched in the nucleolar 
matrix fraction. Distinct nucleolar matrix proteins 
from rat l i \c r « e r e found also upon two-dimensional 
gel electrophoresis I n Comings & Peters (1981) . They 
found m a m basic proteins specific for the nucleolus, 
the most prominent one being a 3 3 К protein. 
T h e elegant studies of Franke el al ( І981гт) led to 
the isolation of a nucleolar matrix f r o m Xennpiis oocyte 
nuclei comprising filaments of about 4 n m diameter, 
w h u h were densely coiled into higher-order fibrils of 
3 0 - 4 0 l i n i diameter. T h i s matrix was resistant to treat­
ments with low-salt and high-salt buffers, DNascs and 
UNases, s u l p t n d r v l agents and non-ionic detergents, 
and contained a single 1 4 5 K / p l 6 2 protein (sec also 
Henavcntc el ill 1984n,ft). Furthermore, Olson & 
T h o m p s o n ( 1 9 8 3 ) showed that a 160K polypeptide was 
prcdommanllv found in the nucleolar matrix fraction 
from N o u k o f f hepatoma ascites cells prepared by 
digestion w i t h D N a s c I and extraction with high-salt. 
Recent studies of Olson w al. ( 1 9 8 6 ) , also performed 
on N o u k o f f hepatoma cells, revealed a nucleolar 
matrix fraction that was enriched in polypeptides with 
molecular weights of 2 8 , 37-5, 40, 70, 72, 110 and 
1 6 0 X 1 0 ' . The I I 0 K protein was recognized by an 
aiUibod\ directed against protein C23 (Olson el al. 
1981) About 25 % of the protein, 5 0 % of the R N A and 
less than 4 % of the D N A of untreated nucleoli were 
recovered m such nucleolar matrix preparations. Olson 
el al (1986) also showed that pre-nbosoma! R N P 
particles are major constituents of nucleolar matrix 
preparations extracted w i t h D N a s c I and high-salt 
solutions RNase Л treatment during the D N a s c I 
digestion stage, together with the inclusion of \% 
/j-inercaptoethanol in the high-molanty salt washes, 
reduced the protein content to 1 5 % and the R N A 
lontcnt to about 2 5 % of that of untreated nuclei. 
I 'ndcr such conditions protcili C23 and the 160K 
protein were also rci i io\ed. T h e remaining polypep­
tides were largely represented in the 3 0 - 5 0 K range, 
and clcUron microscopv revealed only amorphous 
m,uerial instead of the granular elements usually found 
in nucleolar matrix preparations (Olson el al 1986). 
I n preparing nucleolar matrices from mouse I,-cells, 
Shiomi el al ( 1 9 8 6 ) used SO/tgrnl" 1 D N a s e I, a 
concentration five times higher than that used by Olson 
et al. ( 1 9 8 6 ) , and rcproduciblv obtained core nucleoli 
(the nucleolar fraction that remains after extensive 
D N a s e I action, without a high-salt extraction) with a 
nuniiiHini protein content T h e nucleolar matrix frac­
tions prepared I n Shicmu et al ( 1 9 8 6 ) contained about 
5 % of the amount of D N A present in isolated nucleoli, 
1 6 % of the R N A and less than 4 % ol its original 
protein content, being enriched for proteins of 3 4 K , 
3 6 K , 4 3 K , 5 7 K , lamins A and С (70 and 6 2 K ) . Also 
higher molecular weight proteins, including a 1 0 0 K / p l 
6·8 and a phosphorvlatcd 1 6 0 K / p l 5-5 protein were 
found in these preparations. A portion of nbosomal 
spacer D N A remained lightly bound after treatment 
with 2 M - N a C l (see also Bolla et al. 1985). Shiomi el al. 
(1986) found the C 2 3 protein to be quantitatively 
released from the nucleolar matrix by 2 M - N a C I , which 
is in contrast to the results of Olson el al ( 1 9 8 6 ) . T h i s 
was verified with a specific antibody test indicating that 
the 1 I 0 K protein was distinct from protein C 2 3 . T h e 
observations of several investigators that the nucleolus 
is often in close contact with the nuclear envelope (Rae 
& Franke, 1972; Gocssens, 1979; Bouteille et al. 1982; 
Bourgeoise/ al. 1981, 1984) mav explain the presence 
of lamins A and С in the nucleolar matrix preparations 
of Shiomi el al. ( 1 9 8 6 ) . Evidence for a nucleolus-
nuclear envelope junction in the form of a 'pedicle' or 
'stalk' has been presented by Rae & Franke ( 1 9 7 2 ) m 
mouse hcjialocyte nuclei and more recently by H u b e r t 
et al ( 1 9 8 4 ) , who isolated nucleoli containing nuclear 
shells from membrane-depleted rat liver nuclei (see 
also Bouvier el al. 19856). H u b e r t et al ( 1 9 8 4 ) showed 
the nucleoli to be anchored to the peripheral lamina by 
a pedicle that was continuous w i t h an intranucleolar 
network. T h e pedicle and the network that supports 
the nucleolar D N A were composed mainly of non­
histone proteins insoluble in 2 M - N a C I . 
I n conclusion, the nucleolar residues in nuclear 
matrix preparations appear to be complex structures 
comprising several different elements, including many 
proteins not yet adequately characterized. 
The internal matrix 
Moiphologu al and biochemical aspects 
Several authors have provided evidence of the protcin-
accous nature of the internal matrix, based on the fact 
that a fibrillar structure is observed in the nucleus w h e n 
both D N A and R N A are removed by nucleases (Capeo 
el al. 1982). Other authors (Galchcva-Gargova et al 
1982; K a u f m a n n & Shaper, 1984; K a u f m a n n el al. 
1986) have observed a complete reorganization of the 
internal matrix structure, depending on the isolation 
conditions used. I n this regard there is concern about 
aggregation or precipitation of otherwise soluble nu­
clear components, due to the high-salt concentrations 
required to extract chromatin during matrix prep­
aration, or about cross-links formed by oxidation of 
sulphh\dr\ l groups. 
Other studies indicated that the structural integrity 
of the internal network depends on the maintenance of 
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ι α u m iiH'i.illopioUiii т К т . н l i o n s (luring matrix iso-
l.ilicm, CK «Hl» С·»'* '»"d C u 7 * (Lehkowski & 
Ι,.ιιιιιπιΐι, I482«,ft) or with M)>1' (Ноимег et ui 
WüSii) 'I hese lauer aiillmrs found the intranuclear 
structures m l le l / . i nuclear matrix preparations to he 
tuinposul of residual (DNase - and salt-resislant) R N P 
tomplexes of both nucleolar and non-nucleolar о п д ш . 
'I hese шіг. іпікіеаг structures comprisid two distinct 
hut superimposed networks, which appeared as thin 
hhullar e l imcnls ( 2 l i n n ) and .is thick М і т д г а ш і і а г 
elements of \ .ir\ т ц si/e Bolli networks disappeared as 
a result of UN.ise dim'stion in the presence of low-mnic 
slrciiKth h i ) ΓΛ before extraction of nuclei in 2 M - N a C l . 
l l o w c \ c r , the thick fibrillar elements were preserved 
f u m i Ііемщ сImed in 2 M - N . I C 1 when RNase was used in 
buffers u m u i n m i ; М к " * · This remaining network was 
enruhed in two proleins of 4 9 К and 7I)K I ' m m these 
results H o m i e r el nl (198Sn) coneluclcd that m the 
presence of М д - * mleractions between certain R N I ' 
complexes arc cslahhshccl, which (hen beeome able to 
form a salt-tcsistant intranuclear network. 
I l e m i a n et ni (1978) showed that after removal of 
Ψ)Γί of the chronialin m a two-step extraction pro-
eechue, both stead\-stale and newl\ s\iilhcsi7cd 
h n K N \ were associated with the remaining nuclear 
structure I heir М І В Д С Ч І К Ш that the integri!) of the 
mielcai matrix is dependent on the R N A was m 
contrast with the conclusion of M i l l e r et al (1978η) 
that RNase Ircatincnt of the nuclear matrix does not 
alter the morpliolog\ of this network. 
C'onsidering the results obtained b\ the manv 
workers on nuclear matrix structure and eomposilum, 
it will be o l n m u s (hat the presence or absence of the 
internai network in nuclear matrix preparations 
depends on the experimental protocol used. The effects 
of dnalent с.Hums, the in<>].lnl\ of extraction huilers, 
the effect of high-salt treatment, the extent of disul-
plneli cross-linkuiK during preparation of the matrices, 
the order in which (he ι annus preparation steps arc 
applied, the use of ( M l j ) > S ( ) j instead of N a C I for the 
extraction itself, the presence of e n d o h t i c en/vmes 
other than proteases inhibited b i p h c n i l m e t l n l s u l -
p l i o m l Ihinnde ( I ' M S I ) or p h e m linc'tlnlsulphoinl 
ι M o n d e ( I ' M S C ) , and m a m other factors that arc used 
for the preparation of the matrix slructure lia\e not vet 
Fig. 6. \ \\ hole -inotml transmission electron 
niierograplis nf ilic nneli.ir inalnx-intermediate· lileme-nl 
( N M I I ) scaflnkl fioin a hnasl earcinoina cell line The 
clirnnulin-ilcplclcd niick.ir matrix ( N M ) is appareiidv in 
assmiatinn inth lulmiu'diate tilainenls ( I I ' ) large'U 
cimsistmc of citokcraiiiis Note llic nuclear pores ( N P ) 
present in tlu nuchal Liniina liar, I) 5/lni В linnuinngold 
stamini; nf intcinicdi.ilc lilanunts ( I I ) as descnbecl bv Fci 
it ill (19.S1<r) in a siniilai рпраглііоп as in \, using anil 
eMiikcTatin antibodies Наг, Il Ι μιη (Cour(es\ of Dr R. G 
I c i ) 
been studied sufheienlly Some of th~sc tcchincnl 
problems have been tackled in recent papers but 
answers arc still incomplete (l-ong & Ochs, 1983; 
K a u f m a n n & Shapcr, 1984; StaufenbicI & U c p p e r t , 
1984; Fey et al. 1984я,6, 1986α,6; M i r k o v i t c h et al. 
1984; Verhei]cn et al 198()п). 
lilectron-microscopic studies performed by Pouchc-
lel et al (198()) have shown the existence of a well-
defined network in nuclei of rcslmg mouse Ivmpho-
c\tcs in situ These authors prepared nuclear matrices 
from formaldchydc-lixcd cells. T h e nuclease step m 
such isolations was performed cither w i t h D N a s e only 
or with D N a s e in coinbinalinn with RNase. I n both 
U p e s of preparations three well-defined networks were 
observed: the lamina, an intra-chromatin network and 
an mler-chromatin network. This latter structure could 
be superimposed on the internal network of isolated 
nuclear matrices. Its sensitivity to pepsin digestion was 
increased tenfold when the digestion was preceded by 
treatment with RNase. T h i s latter finding indicates 
that R N A appears to be essential for the maintenance 
of this structure. Also Fe\ et al (1986α) have shown 
that the morphologv of the internal matrix changed 
drastically when RNascs were used in the extraction 
buffers (sec Fig. 7 ) . 
I n conclusion, the relevance of an internal matrix 
structure ni t ' i to is still a matter of controversi and at 
present tunc manv questions arc still unanswered. I t is 
bevond the scope of this review to compare all the 
different isolation procedures for the preparation of 
nuclear matrices or to discuss all the indications that 
suppuri or deny the existence of an cxtranuclcnlar 
network m г no. Wc merely conclude that considerable 
evidence indicates that when an internal matrix struc­
ture is obtained without prior treatment w i t h RNase, 
I I I I R N A is found to be an integral constituent of this 
structure ( M i l l e r et al 1978η, ücreznev, 1980; Brasch, 
1982; Gal l ina™ pi β/ 198.1; L o n g & Schrier, 1983; Fey 
étal 198(vi,fe). 
A relevant question is whether the presence of an 
internal matrix is a general feature of cells. Using 
procedures similar to those published by I Icrman et al. 
(1978) and Mi l ler et al. (1978«) a relatively stable 
R N A matrix association can be found in various tvpes 
of cells (Berezncv, 1980; van liekelen & van Vcnrooij , 
1981; Brasch, 1982; Galhnaro et al. 1983; Long et al 
1979; Fc \ et al 198()n,6). T h e adult chicken crvthro-
cvte nucleus, however, in which virtuali) no D N A or 
R N A synthesis takes place, was found to lack an 
internal nuclear matrix. Also, mild extraction pro-
cedures resulted in empty shells of pore complex-
lamina together with loose aggregates of core histoncs 
(Lafond & Woodcock, 1983). In contrast, rat liver 
nuclei showed a tvpical intranuclear salt-resistant skel-
eton after the same treatments. These results indicate 
that an internal matrix is not an obligatory nuclear 
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Fig. 7. Transmission electron micrographs of Ilcl-a nuclear matrix preparations in unembedded resin-frce sections (0-2/mi 
thick) as described by Fey e/ nl. (1986«). Λ shows an RNP-contaimng nuclear matrix preparation, and В an RNP-depleled 
nuclear matrix. The RNP-conlaining nuclear matrix reveals fibres (F) that extends throughout the nucleus, forming 
continuous associations between nucleoli (Nu) and the nuclear lamina (I.). Cytoplasmic fìlaments (Су) are observed in 
association with the lamina. The RNP-depleted nuclear matrix displays a distortion of nuclear shape. The interior of the 
nuclear matrix is composed of condensed and fragmented filament aggregates (FA). The distortion of the interior bv 
digestion with RNase suggests that RNA is an important structural component of the nucleus. Bars, l-O^m. (Courtesy of 
Ur E. G. Fey.) 
component and that in erythrocytes it is apparently not 
required for the spatial organization of chromatin. In 
contrast, much more active 5-day-old embryonic eryth­
rocytes did contain an interchromatinous nuclear 
matrix (1.atomi & Woodcock, 1983). Subsequent ob­
servations from the same group showed that an internal 
nuclear matrix is generated during the reactivation of 
chick erythrocyte nuclei in mouse L-cell cytoplasts. 
T h e nuclei enlarge and chromatin décondenses, ac-
companied by an influx of proteins from the host 
cytoplasm and the onset of RNA synthesis (Lafond & 
Woodcock, 1983). Recently, Woodcock & Woodcock 
(1986) have used the same experimental system to 
identify 15 major polypeptides that, after a 16-h 
reactivation period, had migrated into the nucleus. 
Five of the identified proteins in the 30-70K molecular 
weight range appeared to be nuclear matrix proteins; 
two of these had their counterparts in L-ccll nuclei. 
During the concanavahn-A-induced stimulation of 
lymphocytes Scttcrtield el al. (1983) observed that the 
nuclear volume increased up to sixfold, together with 
an extensive synthesis of stable interchromatinous 
matrix proteins. All these results suggest a correlation 
between the presence of nuclear matrix structures and 
nuclear 'activity'. 
In summary, the composition and organization of 
hnRNA as part of the granular and fibrous internal 
nuclear matrix structure still require more precise 
characterization. T h e results obtained to date permit 
the conclusion that when nuclear matrices are isolated 
in the absence of RNase, hnRNA can be isolated 
almost quantitatively as an intimate part of it. Con-
sidering the complicated composition of the nuclear 
matrix it will be obvious that it is not a static structure, 
but must display considerable dynamic activity. 
Heterogeneous nuchai RNP (hnRNP) particles 
Shortly after hnRNA has been synthesized it associates 
with proteins to form fibrillar ribonucleoprotein 
(RNP) particles and granules resembling 'beads on a 
22 И. \ 'erhetjeii el al. 
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strini;' tli.il cMind .ι«.η hom ihe DIS \ ргокш .І\ІЧ. 
Thc-c lilius (Timi iliuk) and КГ.ІІІЧІ('Ч (2()-2'>iim 
di.iiiictcr) .ire miiMli rcfcired to as the miclc.ir UNI' 
nclwoik liiiUNI' striKtiires can he isokitcd from cell 
IIIK Ici in .1 wide г.іпце of sediinentatuin \jlucs 
(M) 25(1 S), d(pendili); on the isobition priKcdure jp-
phed (reiiewcd Ь\ ІЛЬІОІІГЦСОІІ et til l'WI ; I lolouhek, 
l')H4). Tlu iiionoincnc fiinns of these structures are 
linRNC p.irlKlesof .11) 4()S. Next to an RNA fragincnt 
in tlu raupe of 12S 8(H) nucleotides, these 4 0 S huRNI' 
p.irtiiks contain a set of proteins that comprise 
/S 'M'/r of i tsniass(l loloub(k, 1984; Drcvfuss, 1980). 
Althougli non-spccilk bindini; of proteins to the RNA 
ιΐιιπημ the lallation of the particles has never been 
CNcludid, it is дспсіаІК accepted that a distinct set of 
so-cillcd core proteins is present in 4()S hnRNI' 
paríales ХССОКІІПЕ to the nonienclaturcof Hevcrei al. 
(1977), Ilei,a cells contain the followuif; core proteins: 
A1(14K), Л2(3()К), l ) l(37K), H2(38K), Cl(41K)an(l 
('2(43K) (icMcwcd b\ LcStnurRcon et ni 1981; 
lloloiibck, 1984; Drcvfuss, 1986). Proteins CI and C2 
appear to pla\ a iole in ΙιηΚΝΛ processing, as a 
шшіікіоііаі antiboib tn these proteins inhibits m nitri 
splicing of an niUN \ precursor, while depletion of 
these proti'ius from the splicing extract abolishes its 
c.ipa(it\ to splice prc-niRNA (Choi el til 1986). Two-
diniensional gel separations of the core proteins have 
made it ncccssarv to extend the noincnilaturc of Bc\cr 
et til (1977), as lus been done by Wilké·/ ai (1985) and 
Cchs el til (1986). 
RcccnlK, Drcifuss' group analysed the composition 
of hiiRNP complexes obtained from I lei,a cells by 
iiiiimiiiopiiriti(ation with monoclonal antibodies. By 
two-dimensional gel electrophoresis they identified a 
set of (i\er 24 proteins in the molecular weight range of 
14 I20K as consistent ImRNI' components, of winch 
the Л, II and С proteins appeared to be just one 
subgroup. Chromalography on single-stranded 
UNA-agarose indicated that almost all these proteins 
arc singlc-slrandcd nucleic acid binding proteins (G. 
Drexfuss, personal communication). The Л, В and С 
[iiolcins are also bound to the matrix-associated 
ImKNA (\an lickclcn & \an Vcnrooij, 1981; Manman 
etui 1982/1; Drcvfuss et al. 1984). 
Nuclear lm RN I' particles can be isolated cither hy a 
lengthv low-salt extraction procedure or by sonicalion 
of isolated nuclei (reviewed by I lolouhek, 1984). The 
cxtradmn of l inRNP particles from intact nuclei is 
dependent on the action of nuclear RNases and on the 
shghtlv alkaline pi I that is r('(|uircd for the release of 
the particles from nuclei Since the nuclear matrix lias 
been shown m be extremclv susceptible to proteolvtic 
activities (Miller el al 1978«), it is likely that this 
pnxedure mav also release RNP particles from the 
nucleus bv jirolcohtic degradation of the nuclear 
structure. The somcation |irocedurc, on the other 
hand, releases RNP panules In the shearing forces 
emplovdl. 1 aiferman & Pogo (I97S) have shown that 
the viclds of (larliclcs from tlisniptud nuclei arc pro-
|iorlional to the shearing forces applied. It is evident 
th.it tins procedure also destroys the delicate nuclear 
ultrastruiturc. in studvmg the release of RNA from 
the nuclear matrix several authors have found that 
hnRN \ is bound tcnaciouslv to other matrix com­
ponents and that it can be separated from the attaching 
structure onlv after disruption of the nuclear intcgntv 
(Longe/ al 1979; van Kckelen к van Venr j , 1981). 
In summarv, it can be concluded that isolation of 
hnRNP particles necessarily implies the fragmentation 
of the internal nuclear matrix As a consequence, 
depending on the procedure used, varvmg quantities of 
large hnRNP complexes and RNP core particles must 
have been present in nuclear matrix preparations 
isolated by various workers during the last decade. The 
complexitv of the nuclear matrix and salt-resistant 
hnRNP structures has been compared bv (¡allinam et 
al. (1983). Apart from small nuclear RNAs about 4(1 
proteins in the 25-12()K molecular weight range were 
characterized as common constituents of the nuclear 
matrix and the hnRNP particles. In addition, the prc-
mRNAs and maturation products present m both 
structures were compared. The results confirmed the 
similarity of the structures, slronglv suggesting that 
pre-inRNA in the nuclear matrix and in the salt-
rcsistant complexes derived from hnRNP share a 
common constitutive unit (Galhnaro et al. 1983). 
Small mitleai UXI' (siiHMP) panules 
Kiikaryotic cells contain a group of mctahohcally 
stable, capped RNAs known as U RNAs (for reviews, 
sec lloloiibck, 1984; Brunei el al. 1985). The major 
representatives are designated U l - U ò RNAs, while in 
the higher eukaryotes four minor U RNA species 
(L^-UIO) have been described as well (Reddy et al. 
1985). The U RNAs arc found in discrete ribonuclco-
protcin particles, which all appear to play a role in the 
processing of pre-inRNA (reviewed by Padgett et al 
1986; Mamaus & Reed, 1987). In interphase cells the 
localization of U3 RNP (and probably U8 RNP) is 
restricted to the nucleolus, whereas the other U snRNP 
particles arc mainly located in the nucleoplasm. 
The association of U RNAs with the nuclear matrix 
was first reported bv Zicve & Penman ( 1976) and Miller 
e/ al. (1978/>), who demonstrated that, like hnRNA, 
small nuclear RNAs remained in the nuclear matrix 
after removal of nuclear membranes and chromatin. 
Similar observations were made by Herían et al. 
(1979), Maundrcll el al (1981) and Rosse/ al (1982) 
for Tetiahxniena, duck erytliroblast and chicken cryth-
roblast nuclear matrices, respectivclv. 
Miller W al. (1978Л) and Galhnaro el al. (1983) 
found a quantitative association of all su RN As with the 
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mie li .ir m i l m / i i \ e & l'cnman (l'JTfi), l i o w o c r 
i h i r a i t c r i / u l U 2 L U , U 4 and U f i R N A as Ьсшк 
mielcir matrix a'.sneiated, whereas D l R N A was 
itiainlv lost upon chromatin cxlraetiim I n contrast, 
C i i ] e k ( / í i / ( Ш 2 ) have shown that onlv some of the U 
M I R N A S were І і ц І ц К associated with chicken oviduct 
matrices I 1 R \ did not find a quantitative association 
nor a spceilic enrichment of one or more of the 
snRNAs 
s n R N I ' s can be released cffielcntK from isolated 
miel i ι or from nuclear matrices b\ disintcgralion of the 
nuilcar striuturc for example b j somcation l o a 
( i n a i extent t in s n R N l ' s arc released in the form of 10b 
M i R N P particl is, however, they are partly found in 
a^ocial ion with Іагксг particles ( 3 0 - 6 0 S ) containing 
l i n R N A l'art of the s n R N A is believed to be basc-
p a i n d to these particles (re\ie\ved bv Padgett el al 
Ші) I n cross l inking experiments using 4 amino 
m e t l n l 4 í ,8 triuiethvlpsoralcn (Pogo el til ІУ82) it 
was shown that in chromatin depleted nuclei s n R N A s , 
tnainb 111 and 1'6, can be cross-linked to h n R N A 
Similar experiments on whole cells in ino indicated 
that both I 1 and I ' 2 H N A s can be found base paired 
to h n R N \ ( r c v u w i d bv Padgett el a! 1980) Although 
tin latter cxpcrinunts and the association of s n R N A 
with h n K N P lomplcxcs suggest a close correlation 
between the structural organiyation of h n R N A and 
s n R N A , I'ogo and co workers were able to remove 
M I R N A f i iun nuclear matrices b\ treatment with 1 % 
sodiuni dioxvcliolate leav ing the h n R N A in the struc 
t u n (I'ogo </i i/ 1982) I his suggests that at least sonic 
of the s n R N A and h n R N A arc in different nuclear 
org mi/ations 
Sera f m m patii nts w i t h connective tissue diseases 
uilen coni im antibiidi is direetcd against s n R N P par 
hel is \ n t i S m sira rccogni/c the complete set of l ' I , 
112 1 1 4 , 1 Sand I 0 ( I 1 1 -V(>) R N P particles, whereas 
a i m 1 4 R N P sera ixelusivcly react w i t h U I R N P 
spceilic proteins (I'ellersson tt al 1984, l l a b c t s c / al 
198S<7) I ' p to 12 polvpeptides have now been idcnt-
i h u l as constituents of the s n R N P s U 1 - U 6 , ι с 7()K, 
\ ( 1 2 K ) \ ( 4 1 l s . ) , H ( 2 7 K ) , Π ( 2 6 K ) D ( 2 5 K ) , 
С ( 2 2 1 ч ) , Ι ) ( Ι ( ι Κ ) І М І ^ І ^ ) , l ' ( 1 2 K ) , 1 ( И К ) and 
( > ( 9 K ) ( I lr ingi i iani i 8г І л і і і г т а п п , 1986) Proteins 
7()К Λ and ( arc unique to the U l R N P particle, 
win reas \ and H' arc specific constituents of the U 2 
K M ' panicle 
\ o g e l s l i i n & M u m (1982) shown) that upon prep 
a n t i o n of nueliar matrices of 1 1 3 cells a subset of the 
nnligcns ricfigin/cil I n a i m S m sera was retained m the 
i i n t n e i s lui lging from the intensities of imnumofluor 
і ч і п е с ( i S ^ of the S m antigens remained in the 
i isidual m i t r i x if lcr extraction w i t h 2м N a C I I real 
m i n t of l lu inaine i s with RNasc removed the S m 
antigens which iniphes that the) arc associated with 
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the matrix structure ι in R N A \\ hen a human automi 
mime serum containing anti La antibodies was used as 
a control immunodecoration of the matrices did not 
occur I his means that the La R N P particles (contain­
ing polvmerasc I I I transcripts such as pre t R N A s and 
precursor forms of 7 S R N A and 5 S r R N A , Rinke & 
Stcit/, 1982) were lost during matrix preparation 
Similar experiments to mimunodccorate isolated 
matrix structures with antibodies directed against U 
R N P antigens have been performed b\ van Lekclcn el 
al ( 1 9 8 2 ) , Spcctorí"/ al (1983) and, more recentb, bv 
Reuter el al (1984) T h c v showed that several antigens 
recognized b> these sera arc almost quantitativ civ 
retained in nuclear matrices prepared from cultured 
cells There is, however, some uncertainty as to 
whether these antigens can be removed bv RNase 
treatment or not An explanation for such discrepancies 
can probablv be found in the fact that these human sera 
rccognire different antigenic polvpcptides in an s n R N P 
particle 
Cell fractionation studies performed by HabctsW al 
(1985Λ) have shown that the U l R N P specihe 7 0 K 
antigen and the tí'/tt ( U 1 - U 6 ) RNA-associatcd anti-
gens are more tightly complcxed wi th the nuclear 
matrix compared with the other U R N P proteins, since 
substantial amounts of both the 7 0 K and В / В were 
resistant to subsequent treatments w i t h detergents, 
D N a s e , RNasc and high salt solution (see also Vcrhci-
jen et al 1986Λ) T h e other U s n R N P associated 
proteins, for example the A and D antigens, were 
rcadilv extracted under these circumstances 'I here 
fore, using a serum that contains a strong anti 7 0 K 
activitv one would expect an RNasc resistant immuno­
fluorescence, as indeed has been found (Verhci jcnf/ at 
I 9 8 6 i i ) I n contrast, a human scrum that recognizes 
predominantly the S m antigens wil l not decorate 
nuclear matrices as clcarlv after RNasc treatment 
I he fact that sonic antigens, for example, the U l 
R N A specific 7 0 K protein, arc more tightlv associated 
with the nuclear matrix compared with other U R N P 
proteins, suggests that such proteins can be involved in 
binding U R N A s to the h n R N A - m a t r i x complex 
Using immunoclcctron microscopy w i t h S m anti­
bodies on Novikoff hepatoma cells, Spcctor et al 
(1983) found the s n R N P s to be localized in a reticular 
nuclear network 1 bis localization of s n R N P s was 
altered when P t K 2 cells had been treated with S 6-
dichloro 1 β I) nbofuranosvlbcnzimida/olc ( l ) R B ) , 
which inhibits 6 0 - 7 5 % of the h n R N A synthesis 
D r u g treated cells showed an accumulation or clump­
ing of antigens recognized bv anil S m antibodies m the 
central region of the nucleus This effect on the 
distribution of s n R N P s by inhibition of the h n R N A 
synthesis supports the assumption of a functional 
association between these two nuclear components 
(Spcctor el al 1983) 
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I jk.iii cl al (ІЧКО) lia\c applied immunnclcclron 
mitrosiiipic techniques to mouse and Dmmphila tis-
sue-tultiirc cells, using monoclonal antihodics directed 
ag.iinst linUNI' core proteins or against li RNP pro­
teins Their studies prouded direct evidence for an 
association of 1 4 RN I' and possihU also of other U 
RNI' species with cxtranuclcolar RNA during early 
transcription elongation. In addition the results of 
these authors conlirmcd the presence of linRNP pro­
teins within the growing RNP chains in the transcrip­
tion complexes. 
In s i n n n w ) , the limited number of studies per­
formed on the interaction between snRNA or snRNA 
and nuclear matrix structures indicates a specific 
inlcraction between these two complexes. It will be of 
great interest to elucidate the nature of such an 
interaction and to establish its functional significance. 
Slit leai ailm 
Considerable evidence has accumulated over the past 
decade to show that actin is a constituent not only of the 
cstoplasm but also of interphase nuclei in a wide 
variety of cells (for a review, see Scheer el al 1984). 
Acini has also been dcmonstraled as a major protein in 
mamully isolated and cleaned nuclei of Amoeba and 
amphibian oocytes, in which concentrations of 
3-4nig in l" 1 can be found (Krohne 8c Franke, 1980; 
Gounon & Karscnti, 1981). 
Experiments by Manlcy el al (1980) have indicated 
that at least part of the nuclear actin may be involved in 
RNA transcription. The transcription of protein-
coding genes in cukaryotic systems is performed by 
RNA poKmerase II, which in vitin requires sup­
plementation with crude cellular extracts to initiate 
accurate transcription Such cellular extracts contain 
multiple factors, some of them recognizing specific 
proniotur elements such as the TATA box (Brcathnach 
& Chambón, 1981) One of these factors has been 
purified and characterized as a protein that is strikingly 
similar to actin (lígly el al 1984). 
In a completely different approach, Scheer et al. 
(1984) observed that injection of antibodies against 
actin into oocytes resulted in the cessation of transcrip-
tion by RNA polymerase II, loop retraction and 
chromosome condensation. Moreover, even stronger 
inhibition was observed after injection of actm-binding 
proteins from different sources, such as fragmm from 
ІЧі чатіп pnlvcephaliim and an actin modulator pro­
tein from mammalian smooth muscle. The idea that 
actin is involved in some way in RNA transcription is 
also supported by the finding that this protein is tightly 
associated with puntied RNA polymerase II (Smith pi 
al 1979) and jmssibly involved in the regulation of 
pol\(A) metabolism mediated by poly(A) polymerase 
(Schroder el al 1982). 
Additional evidence for a possible role of nuclear 
actin in RNA metabolism has been documented in 
several studies by Nakayasu & Ucda (1984, 1985, 
1986) These authors have shown an interaction be­
tween prc-mRNAs and actin filaments in the nuclear 
matrix of mouse L-cclls (Nakayasu & Ueda, 198S) In a 
previous study it had been shown that actin filaments 
arc closclv associated with small nuclear RNPs 
(Nakayasu & Ueda, 1984) Recently, the existence of 
two additional acidic species of actin in the nuclei of 
mouse L-cclls were reported next to the two common 
ß-actins and y-actins (Nakayasu & Ucda, 1986) The 
most acidic actin (pi 5 1) was localized predominantlv 
in the nuclear matrix. Other authors have also found 
actin as a major protein in nuclear matrix preparations 
(Capeo et al 1982; Staufcnbiel & Dcppcrt, 1984; 
Verheijcn et al. 1986α; Nakayasu & Ucda, 1986). 
Although the possibility of contamination with cyto­
plasmic actin cannot be totallv excluded, the obser­
vations described above justify the conclusion that 
actin may be a major and well-defined nuclear matrix 
protein that might have a defined function in RNA 
synthesis in vn'o. 
Enzymes involved in D1\A and RNA metabnlnm 
Enzymes involved in DNA and RNA metabolism that 
have been found in nuclear matrix fractions arc numer­
ous These include DNA alpha and beta poKmerase» 
(Nisluzawa el al 1984; Smith el al 1984, Foster & 
Collins, 1985), topoisomcrasc I (Nishizawa et al. 
1984), topoisomerasc II (Halhgan et al. 1984; Bcrrios 
el al. 1985), RNA polymerase II (Lewis et al. 1984), 
poly(A) polymerase (Schroder et al 1984), DNA 
methvlasc (Durdon et al 1985) and DNA primase 
(Wood & Collins, 1986; Tubo & Berezney, 1987<і,Ь). 
Yirus-îpecific proteins 
It has been shown that the nuclear matrix is an 
important site of viral interaction (reviewed by Berez-
ney, 1984, Simard el al 1986). Viral DNA (sec, e.g., 
Smith et al 1985) and virus-specific proteins (sec, e.g., 
Jones & Su, 1982; Bihor-I lardy el al. 1985; Khittooef 
al. 1986) have been found enriched in nuclear matrix 
preparations. 
The hulk of large tumour antigen (large T ) in simian 
virus 40 (SV40)-infected cells is present in three 
subnuclear locations: in the nucleoplasm, associated 
with the cellular chromatin and tightly bound to the 
nuclear matrix Schirmbcck & Dcppcrt (1987) have 
analysed the distribution of large Τ in lyticallv infected 
monkey cells and found that the amounts of large Τ 
associated with both chromatin and nuclear matrix 
increased markedly after transition from early to late 
phase of viral infection. The amount of nucleoplasmic 
large Τ increased only slightly During the course of 
infection large Τ accumulated in the chromatin and in 
Ibe nuclear matrix 25 
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tlu muli ir milri\ fr ut ion in ρ ir ilici unii I hi meri isi 
of чгаі D N \ sMitliisis Kennt stmlics In tlu siine 
Krimp have indu itid til it lile association of SX 40 I ігцс 
I wilb the throniatin mil (hi noiliar inatriy is 
i m d n t i d l n prolim protein mliractions rather than 
In se(|i i imc sptu lu l )N \ hindniK (llm/piler &. Dcp· 
pert IWT) 
\\\i>i mUtl lnin\t npt\ 
New К s\iiihisi/iil S\ 40 ΚΝΛ appears to be tpiantitat 
ІМІ\ assoeiiiul with the nuclear nntrix while its 
proeissunr mil transport liso appear to taki phec on 
this struiture (Hen / ι i\ & /Mom IVSI \biilatiari al 
l<)84) SimilarK iiiMiicn/a мгаі RNA seipiinees (Jick 
son (I ill 1982) and the prmiarv transcripts as well as 
the splucil RNA intermediates of adenonrus spenfic 
Kcnis (M irmianpf ni I'JSZÍI van \enrooijci al 1982^), 
198í) have bien shown lo be lißlitlv bound to the 
matrix striielurc RearranEcmcnts in the nuclear 
nnlrix niorplioloR\ after infection with atlcnosirus 
l \pe 2 hail been dcnionstratcil b\ the electron micro-
scopic similis of Zhon^hc tl al (1987) 
Oilier studies concirmng nuclear matrix associated 
Irinsinpts have bien pnsui ted b\ Cicjckrf ci/ (1982) 
RN \ w is isohtcd from iniduct nuclear matrices and 
anahsul In h\hridi7alion to cloned probes for o\albii-
nnn anil momueoid mRN \ More than 9S % of all of 
tin prieursors of these mRNAs, including \arious 
spliiniR inlcrmidiatcs, were associatili with the 
mitnx Ι ι ss than S()% of the mature mRN \ present in 
ml ict mielci was recovered in the mieli ir matrix 
S i h r o d i n f at (l9S7fi) lia\c also studied the release of 
tolal niUNA as well as of specific ІІЩІІ abundance 
ovalbiiunn mRN \, from lien oviduct nue liar maini es 
I heir results coulirniid llie earlier finduiKs of Cicjik 11 
nl (1982) In i l inmnMrтик ibal malbiimin pre 
mRN \ was almost epnntitalnelv associated with the 
oviduct nuclear matrix whereas onlv one third of the 
mature ovalbumin mRN \ of whole nuclei was re 
nncrcil in the miilcar matrix friction In addition 
thiv shovMil that tin binding of both pre mRNA and 
matrix bound mature mRNA displa\eil no difference 
in sircnulh whin tin u n t n t i s were subjected to 
trealmenls with Іпціі sail (T M N iC I), urca (4 м) deler 
Kent (27r Intuii \ 100) or I D I A (SOmM) 1 he 
inilnri mRN \ however was nleasnl silectncK from 
(hi mieli ir mitnx In cillicr Λ Ι Ρ \MV plus pvrophos 
pinti ADI' or Al 1' iinlogiics containiii); non Indro 
Ivs-ihli η /for/j ybomls \\ lurcasniRNA innslocation 
through ilic muli ir pores is dependent on In droh sis of 
\l I' or (J I I' mRNA η liase from the nuclear matrix 
appari nl К dois not uquirc hvdrolvsis of the β, γ 
phospliodicslir bond I mm these results Schrodir if 
nl (1987») міцціslid tint llu release of RN \ might be 
с iiistd In a conlornialional change of a nuclear matrix 
2(i И \ CIIUIJIII 11 al 
(or inKNI') lomponcnt induced In \l I' or its deriva 
tivis witliout clnvage of anv high eneigv homi I he 
linRN \ remained completclv bound to the nntiix m 
the presence of A l l ' lurtbirmore the relcnsi of 
m mire mRN \ b\ Al I* eould be stronglv inlnbited In 
various inhibitors of topnisomcnsc II In a imchaiiisin 
not vet undirstood Other remarkable results were that 
both nnturc and pre mRN \ were released from the 
matrix structure m the presence of polv( \) ethuliuni 
bromide or the copper chelator I 10 phcnanthrolmc 
(Schroder <f al 1987«) The general conclusion 
reached bj these authors was that nucleoplasnnc RNA 
transport is apparcntlv regulated not onlv elurmg 
pass ige through the pore complex but also at the level 
of RNA rcleisc from the nuclear matrix 
Mtliough the possibilitv that the non matrix hound 
m R N ^ s in the studies of Cicjck et al (1982) and 
Schroder 11 al (1987η) arc contaminations from cvto 
plasnnc mRNAs cannot be completclv ruled out, the 
data indicale that a substantial part of the processed 
mRNA in the nucleus is hound differcnllv and not as 
tightly in the nuclear matrix as arc the mRN \ precur 
sors Since nuclear mRNAs arc associated with a 
different set of proteins, as compared to cvtoplasmic 
RN \ molecules (van I ckelcn et nl 19186, van \cn 
rooi] el al 1982/ι) one would expect the selection of 
mature mRNA for nueleocvtoplasmic transport to 
occur bv means of exchange of l inRNP proteins 
(Orcvfuss, 1986) with a set of mRNA binding pro 
teins Possible candid lies for such proteins that could 
exchange with linRNP proteins are the transport 
proteins described bv Moffel & Webb (1983) or cvto 
plismic mRNP proteins (Wagenmakers et al 1980, 
Setvono & Greenberg 1981 van Lckclcnc/ al 1981я, 
van Vinrooi) cl al 1982«) 
All tinse results support the concept that the nuclcir 
matrix mav be the striuluril site for RN \ processing 
within the nucleus of cukarvotic cells 
The nuclear matrix and RNA transport 
Recenllv Schroder </ al (1987Л) have reviewed nu 
cleoplasmic mRNA transport and discussed require 
minis for mRNA release I or tins reason we will focus 
onlv on the fact that different RNA species have 
different rales of transportation 
\ geni ral linding is that smaller RNAs arc trans 
ported faster to the evloplasm than the larger mRNAs 
Ncvvlv svntlicsi/cd glohin mRNA (9S) forcxamplc is 
released into the cv toplasm about S nun after initiation 
of its svnthcsis (l)asios & Λνιν 1977, Kumibiirgh & 
Ross, 1979) I his RNA is poljadcnvlalcd and spliced 
Misione mRNA which is non polvadinvlilcd, 
unspliced and similar m si7c to the glohin mRN \ is 
released mio the cv toplasm within 10 mm ( \desnik & 
Darnell, 1972) Adenovirus p l \ m R N \ (about 9 S , 
28 
pnh.nkm l.iliil nul iiii4pliii.d) n.Klics the LVtopljsm 
«ilhin 4niiii .ifli r thi si.irt of s\nlhiMS (Manmancl al 
l'ISZ/i) In innlr.isl, the hulk of the late adenovirus 
inR\ \s rc.uh tin lUoplasm only after Ібіпіп (Man­
man il ni \')Х1Ь), л phenomenon that has been found 
for most cellular niRNAs as well (sci, e g , \an 
\curimi] il ni 197S) 'I he nason for thesi ducrgent 
rates of transportation liclwicn matrix hound mRNAs 
iv not iiiukrstood I'rohahK most of the larger pre-
mRN \s rtqiure m o n lompliiatcd processing patterns, 
« h u h imans (hat tin rati of transportation of mRNA 
dipi mts m.iiiiK on tin rate of maturation ЛпШІісг 
pii-sihilit\ is that mRNAs emerging rapid К into the 
iMnplasin arc not assemblici into the usual hnRNP 
struiturcs as has bien suggested b) Pidcrson for 
transcripts lacking introns (Piderson, 1981) In this 
respect it should be mentioned that the final maturation 
step of mRN \, that is the binding of the tvpical 
iWoplasnnc mRN \ associated proteins (Wagenmakers 
(/ ni 198(1), is aiimnpanicd b\ the release of hnRNA-
.issonalid protims (van Rckclcn </ al 1981ft, van 
\inrooij</n/ I982ii) It has also been established that 
mature mRN \s in tin nul l ius cannot bi considered as 
inligral lomponcnts of the nuilcar matrix, as are 
precursor RNAs (C'njek il ul 1982, Schroder el al 
1987η) 
Behaviour of nuclear matrix components 
during mitosis 
1 hi onset of mitosis is ai iompannd b\ an extensive 
rearrangement of nuilcar lomponcnts (see I ig 8) As 
the n i l approaihes nniosis, the mnleohis first de­
creases in ч/е and then disappears as the chromosomes 
londeosc and all RN \ svolili sis icasis \t prophase 
the lanuns bciome highlv phosphorv lated (Ottaviano & 
(jcr.ice 198S) followed bv chssassembhng of the 
nuclear cm с lupe In iinmunolluorcsccncc loiali7alion 
sluclics it has been shown thu during prophase man) 
nucliar (milrix) prntiins shift from their distinct 
nuclear locations to a diffusilv cvtoplasmic distri­
bution, exiluclmg tin loml ins id chromosomes (Chalv 
it til 1984) \t tilopliasi this proicss is reversed Such 
bihaviour has bien documente el for several pore com­
plex proteins (sei, ι g , Davis & Blobcl, 1986, Snow et 
ni 1987), tin lamins (see, с g , Gerate, 1986, Vcr-
hcijeiMfr;/ Ι986/ι), snRNI' proluns (sie, с g , Ruiter 
il ni 198S Spi i lor &. Smith, 1986, \ігЬсі]Сп el al 
19S(i/i) and luiRNI' proteins (sec, e g , Martin & 
Okumira, 1981) l o r some of these proteins the 
nmlccular state of association in mitoln iclls has been 
imcsligalcel I,amin H m Chinese hamster ovarv 
(CIIO) cells, foi (x.iiuple has b u n found to remain 
asson itid with phiispholipicl vesnl is during mitosis, 
vvlnli lamins \ and С a n lonverted into a solubli form 
(Hurki & ( j i ran, 1986) In a previousstudv, Lalnri & 
I homas (1984) found that the hnRNP core proteins in 
mitotic IIcLa cells were not free but stablv associated 
with high molecular vviight RNA in the form of 
hnRNP particles that se-dimcntcd between 80 and 
ZOOS Recent studies by these authors (Lahin & 
'I homas, 1987) showed that during mitosis at liast 
9 5 % of the total cellular snRNPs was also present in 
suih hnRNP complexes, scdimenting at about 100S 
Other nuclear proteins, when investigated with im-
niunocvtoclicnucal (ethniques, appear to be associated 
with the condensed ihroniosomcs in mitosis (Chaly el 
al 1984) Such behaviour has been spccifiiallv de­
scribed for some nucleolar proteins (see, e g , Pfeifle el 
al 1986), topoisomerasc I (sec, e g , Verheijen et al 
1986A) and topoisomerasc II (Earnshaw et al 198S) 
The question anses as to how this group of nucliar 
(matrix) proteins is associated with the chromatin The 
models for chromosome architecture that arc in vogue 
have bien reviewed bv barnshaw (1986) In one of 
these models a non-histone scaffold supposcdlv mam-
lams the higher order topological organisation of D N A 
in mitotic chromosomes Such scaffolds have been 
visuali7cd in the electron microscope b\ Paulson & 
Lacnimh (1977) after treating isolated mitotic l l c b a 
chromosomes with dcxtran sulphate and heparin in 
ordir to remove the histoncs Their preparations 
consisted of a subset of non Instone proteins attached 
to intact chromosomal DNA The protcmaceous com­
ponent or chromosome scaffold has been isolated from 
such structures after nuclease digestion and extraction 
of chromosomal proteins ( \dolph et al 1977, Lewis St 
Lacmmh, 1982) and was mitialK proposed to be a rigid 
linear axial backbone in each chromatid, responsible 
for the morphologv of metaphase chrtmiosomcs (Paul­
son λ Laimmh, 1977) Among the scaffold proti ins, 
Liwis & Lacmnih (1982) found two prominent high-
molecular weight polypeptides, Sc 1 and be 2, of about 
170 and 1351ч, rcspcctivclv Using a polyclonal anti­
body that recogm/cd chicken scaffold protein Sc-1, 
Earnshaw et al (1985) have shown this polypeptide to 
be topoisomerasc II (sec also Gasserp/ al 1986) Other 
components that have been found in isolated chromo­
some scaffolds arc centromeric proteins (Earnshaw el 
al 1984) 
Chromosome scaffolds respond dramatically to 
changes in the lonn environment Scaffolds isolated in 
the presence eif 2M-NaCI differ complctclv in appear­
ance from those isolated at low ionic strength in the 
presence of dcxtran sulphate and heparin (harnshaw & 
Lacmmh, 1983), even though the protein composition 
of the two forms appears to be identical (Lewis 8t 
Lacmmh, 1982) Exposure of isolated siaffolds to 
milhmolar concentrations of M g 2 + also causes a similar 
drainatn alteration m staffiliti appearance (sec Fig 9, 
and referentes, Earnshaw & Lacmmh, 1983) 
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Fig. 8. Irninuiioflimrcscenl localization of varions nuclear antigens in MR65 cells (human lung carcinoma) in interphase 
(AI-IM) and metaphase (A2-D2) with monoclonal antibodies directed against: A, the lamina (antibody 41CC4); Bf the 
l ' I RNP-spccific 70K protein (antibody 2.73); C, the hnRNP-associated С proteins (antibody 4F4), D, a nuclcolus-
associatcd cell proliferation marker (antibody Ki-67). хИ50. 
Fig. 9. Electron micrographs of 
chromosome scaffolds prepared 
from highly purified lleLa mitotic 
chromosomes. A. Scaffold 
prepared at low ionic strength 
using a dextran sulphatc/hepann 
lysis mix. И. Scaffold prepared at 
low ionic strength using a dextran 
sulphate/hepann lysis mix, 
followed by exposure to 5 mM-
MgCl?. Centromere region, 
indicated by arrows. Bar, 10/ни. 
(Courtesy of l)r W. C. liamshaw; 
sec also Earnshaw & baemmli 
(1983).) 
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Hancock & D e s s o (1()87) have isolated elimino-
sumes by l\sis with Noimlet 140 in low ionic strciiglli 
buffer without divalent cations or ΕΟΤΛ. These 
eliromosomes slowly stretched to up to several times 
their original length while conserving an identifiable 
ehroinosome morphologv (see F'"ig. 10). This finding is 
ineonipatible with a rigid nature of a supposed shapc-
dettrmining skeletal element. These authors further 
observed that each chromatid was not linear, but 
consisted of я spiraled fibre, many times the chroma­
tid's length, which was unwound upon incubation of 
poKaniine-slabilized chromosomes with dcoxycholalc 
or diiodosalicvlate (see Tig. I I ) . T h e winding of this 
libre was suggested by Hancock & Desscv (1987) as 
being determined by protein-protein interactions be­
tween neighbouring gvres. 'These authors also con­
cluded that if a skeletal element does exist in mitotic 
chromosomes it does not itself dictate the dimensions 
of the chromosome, but rather are the form and 
dimensions of the skeletal element dctci mined by the 
DNA associated with it. 
Using the same polyclonal antibody to chicken 
topoisomcrase 11 as described above, Earnshaw & I leck 
(1985) have examined the distribution of this enzyme 
in intact, swollen but uncxtractcd, chromosomes from 
MSB-1 chicken lymphoblastoid cells. Under the con­
ditions used in their experiments, topoisomcrase 11 was 
localized in numerous separate spots that appeared to 
be 120-200 nm across when covered with bound anti­
body. It was therefore concluded that these data did 
not provide evidence for the existence of a rigid core-
like scaffold structure. 
In summary, despite the controversial experimental 
data, wc think it is justifiable to conclude that, if 
present in vivo, the chromosomal scaffold is not a rigid 
structure, but rather a component of the mitotic 
chromosome with dynamic features. 
Fig. 10. Mitotic chromosomes from 
CIIO cells, prepared by lysis with 
0-25 % Nonidet P4() in 0-15 M-
sucrose/0-2M-phosphatc, pH 7-5. The 
Ivsate was stained with Hoechst 33258 
and examined in suspension by 
(luoresccnce microscopy. 'The 
chromosonies showed a dramatically 
extended appearance (B,C) as 
compared to their initial shape (Л). 
Magnifications in Л, В and С arc the 
same. Bar, lü/lm. (Courtesy of I)r R. 
Hancock; see also Hancock & Desscv 
(1988).) 
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F i g . I I . Mitnhc chmniosonics from C I K ) cells prepared In л р о К а п и п с - и п и а т ш ц m e d i u m b\ Ksis with Noimit-t 140 
Li thium dÌHidiisalicylate u.is added t«» a final concentrat ion Ы 25mM and the cltromosomca were immedia teh examined b\ 
Ihiorescciit ¡ttaininK with l loechat 3325Я, allowing that c h r o m a t i d i are wound in helical K\rcs. Har. ΙΟμηι. (Courtesy »f D r 
R. Hancock; su · alao Hancock & IJesacv (1988).) 
This study was suppor ted Ь\ the Nethcrlaiida Cancer 
I oundat ion, gran) no. M ' K C ' 19S4-tI. T h e authors thank 
Professor D r \V \\ . I r a n k e (Heidelberg, K R G ) for provid­
ing Kig. 2. D r s Ci. ßrakenhoff and Dr R. \ a n Driel 
( Nnisterdam, T h e Nether lands) for f-ig. 3 . Dr V. Rihor-
l la rdv (Sherbrooke /Mont réa l , Canada) for Fig. 4, Drs Λ. 
C'idad.'lo and M. C'armo-l onseea (Oeiras, Portugal) for Fig. 
Я. Drs F.. Ci. Fev ami S. f 'enman ( C a m b r i d g e . U S A ) for Figs 
h a n d ? . Dr\V. C . i:.irnsbaw (Balt imore, M D . I ' S A ) for Fig . 
9. and Di R. Hancock ( ( juebee . Canada) for Figs 10 and 11. 
We also aeknowledge the knul gifts of the monoclonal 
antibodies 4 1 C C 4 (from Dr С! Warren; Heidelberg. F R G ) , 
Z . 7 3 ( f r o i i i I ) r S . l l o e h ; l . a J o l l a . U S A ) and 4F4 (from D r G . 
I)re\fuss; F x a n s t o n . U S A ) . 
References 
A \ R ( ) N S ( I N . R I' & W o o . F . (1981) Organization in the 
ie l ! nur leua : divalent cations modulate the distr ibution 
of condensed and diffuse chromat in . ,? , ('dl Itiol 90. 
1X1-18(). 
\ B I ι M I A , R.. B P N Z r ' r v . A . П л . N . & AtoNt. V. 
(19Ht). Control of late S\ 40 t ranscr ipt ion by the 
at tenuat ion mechanism and transeriptional l) a e t n c 
t e m a n complexes are associated with the unclear matrix. 
У „min liiol. 172. 467-487. 
A D I SNIK. M. & D A R N I I I . | . F . (1972) biogenesis and 
eh.iracteri/ation of lustone u i R N A in I le i .a cells. 
7 ишіч ІЫ 67. V)7 40fi 
A D O I I ' H . К W . C H I N O . S. M . & І . л і м м п . U K (1977). 
Role of nonhis tone proteins in metaphase chromosomes. 
Cell 12. 80S 81(., 
A i m . 1 . C O I I N . J . lit m i . 1. & е ; і к \ ( Г . 1.. (198(i). T h e 
nuclear lamina is a meshwurk of intcii i iediate-t\pe 
l i lameuts. Xalme, hind 323. 5()()-564. 
A n XANI>FR. R R . G R I I NI . G . ! . . & IiлRR^(K. II. R. 
(1987). Estrogen receptors in the nuclear matr ix; direct 
demonstrat ion using monoclonal antireeeptor antibody. 
Kmhnimliwy 120. 1851 I8S7. 
B A R R U K , E. R. & CoriF.Y. D . S . (1982). Bialogiral 
properties of the nuclear matr ix ; steroid h o r m o n e 
binding. «<•<<«( / ' " « . Ilmvr lies 38. 133-195. 
BASTOS, R. N . & Aviv. I I . (1977). Globin R N A precursor 
molecules; biosyulhesis and processing in c n t h r o i d cells. 
Cell 11. 641-650 
B P N A V F N T F . R . K R O I I N F . G . , S n i M i o r 7 , Λ ( Ι Ι Μ Λ Ν Ν . M. S.. 
HOciiF. В. & F R A N K F . W. \V. (19S4ft). Karyoskcletal 
proteins and the organisation of the aniplubian ooevte 
nuc leus . . / CW/.SVi..SH/I/)/ /. 161-18() 
BENAVENTE, R.. K R O H N F . С}.. STICK. R & F R A N K E , W. W. 
(1984сі). Electron microscopic minuinolocah/at ion of a 
karcoskelcial protein of molecular weight 145,000 in 
nucleoli and pcnniieleolar bodies of Ac'Ho/w\ laeits. Kxpl 
Cell lits. 151, 224 235. 
B F N - Z F F V . A. & ALONI, V. (1983) Processing of SV40 
RNA is associated with the nuclear matrix and is not 
followed by the accumulat ion of low-moleeular-weighl 
R N A p r o d u c t s . УітЬцу 125, 475-479. 
Bl RF/NFY. R (1980). Fract ionat ion of the nuclear matrix. 
I. Partial separation into matrix protein h b n l s and a 
residual r ibonucleoprotem fraction. 7. Cell Biol. 85. 
641-650. 
B I R F / N F Y , R. (1984). Organizat ion a n d functions of the 
nuclear matrix, lu ChnafítlSOffíltl \oirhntnne PfoteWS— 
ShmiiiKil \ssocielkiHS, vol. I \ ' (ed. I.. S. I l m h c a ) , pp. 
I I 9 - I 8 0 . Boca Raton. Florida; C R C Press. 
BlRF/NFY, R к C o m v . D S. (1974) Identiliealion of a 
nuclear protein matrix, limthem hmplns. lies Conmttw. 
60, 1410-1417. 
so /< \ 'ertieiji n el nl. 
32 
ι ι m / ι ι К л ( κ ι ι M IJ s (19/7) N m li ir ni in i \ 
ІЧІІІНІКМІ п к і t b и.к Цп/іМюп n i а Гглпиипгк sLruclun 
ίηιηι ral l u i r І І І К І С І 7 < tII Umi 73 í>!í>-(iV7 
HlKKIDS M I II SON Л J I l l O B F l . O & I ISIIFR, Г Л 
(1941) \ 174 kil. idaltmi Л І Tase/d \1 l'asi pnlvpcplidc 
and a ц|\і.(ірг(і1ііп ιιΓ appartnl lv identical molecular 
\міцІИ art t o i i i i n n n hul dennet cdtiiprinLiits (if Inglier 
nikarvdlH ш і с к л г ч і п к г и г а і ргоіеш subfraLtions J biol 
(him 258, 1 Π 8 - Ι - Π WO 
HFRHIOS, M O s i l i ROI ι Ν &. risiiER, Ρ Λ (1985) I n 
sun Imali/atMin <ιΓ Γ>ΝΛ itipnisonicrasi I I , a major 
|X)l\pLptuli coinponcnl of the Drbsophtln nuclear matrix 
fr jLtmn l'ini mini hml Sti i/.S 1 82 4142-4146 
DFYFR, \ I, , ('HRISTrNSFN, M E , W A L K F R В VI & 
I „FSimiRC I O N , \V M (1977) Idcntihcation and 
i.lidiactcn7atuin of tbi. packaging proteins of core 40S 
IniKNP particles (dlU, 127-138 
BlIIOR llARDV. V , IlFRNARU, M & SlMARD, R (1985) 
Nut kar ш а і п ч itiodifìcations at different stages of 
inftction b\ lierpes simplex virus tvpe I 7 gen \н І 
66 lOTS-lMH 
I I I O R F I . G (1985) Citnc gating a hvpothesis l'm< naln 
\c,irl Sri ( S I 82 8527-8529 
B ( ) i i \ R I B R A A T I N Г) С Ь н ю м і , V I I F B F R T , M 
В &. Seni FSSINCFR, I ) (1985) localisation υ( specific 
r D N A spacer s t q u c m i s to the mouse L cell nucleolar 
niatr i\ Unire all lìmi 5, 1287-1294 
BouilKAS, I (1986) Pro i i i n -p ro tcm and p r o l c m - D N A 
intLractions in calf t l nmus nuclear matrix using cross 
l inking In ultraviolet irradiation Biorhem ( ell limi M , 
474-484 
BOI RÍ.FOIS, ( Λ , С OSTAOI ΙΟΙ A, D , LAQUFRRirRF, F , 
H A R D , Γ , I I F M O N , D & B O U T F I I L F , M (1984) In situ 
arrangiui in l of non bearing chromosomes in the 
inttrpliasc nucleus of jìtilus Ini Hiatus J ( ell Sci 69, 
1(17-115 
BoiiR(.rois С A , I I F M O N , I ) , B F A U R F D AUOFRFS, С , 
ROBINFAUX, R & B o u l i n I E , M (1981) Kinetics of 
i iu iko lus location wi t lun the nucleus h} tune lapse 
nmrot incmalograpl iv lìmi ( ell 40, 229-212 
B o t n n i i r M , I I I R N A N O F / A F R D U N , D , D U P U Y C O I N , 
\ M &l lo iJR( . ro is , С A (1982) Nuekol i and 
nucleolar related structures in normal, infected anel drug-
treated cells I n The \ncliolns (ed E G Jordan & 
С \ Collis), pp 179-211 London, New York 
Cimbnclgc U i m t r s m Press 
Bon v i m , 1) , D i ' n i v t o i N , Α M , B O U T F I L I F , M & 
M O I N S , Ρ (1980) 'I hrec-diniensional electron 
niicroseiip> of the nurlear matrix components of I l e L a 
celK IM (,1139, 121-124 
B U I J V I I R , I ) I I U B I RT, ] , SF\F, A Ρ & Β ο υ ι π ι I F , M 
( I 9 8 S Í I ) Nuclear RNA associated proteins and their 
relationship to the nuclear matrix anel related structures 
in l lel-a cells (mi 7 Hm, hun (ell lìmi 63,631-643 
BouMiR, I ) , І І і ш г я г , J , StvF, Λ Ρ & B O U T F I I L E M 
(1985/)) Characterisation of lamina bound chromatin in 
the nuclear shell isolated from I l e L a cells Lxpl Cell lies 
156 500-512 
BRVKINIIOir (} J , VAN DFR \ OORT, I I Τ Μ , VAN 
S I ' R O N S I N , l· Λ I I N N F M A N S , tt Λ M f i N A N N I N G A , 
N (1985) I hrec dimensional chromatin distribution m 
nciirubl Ы п п ы niielei slioewi In confoea] scanning laser 
microscope \iili,ie l/ni,l 317 748-749 
ßRAsril, К (1982) I ine structure and loeah/ation of the 
nuclear matrix in situ I \рІ ( ell H,s HO, 161-171 
Н и г м ш - м с н , R & C H A M B Ó N , Ρ (1981) Organizit ion and 
expression of cukarxotic split genes coding for proteins 
/1 K M liimhtm 50, 349-381 
B R I N G M A N N , Ρ & I O I I R M A N N , R (1986) Purification of 
the m d m d u a l snRNPs 1 4 , U2, LiS and U 4 / I I 6 from 
I l e L a cells and charactcnsalion of their protein 
constituents rUHOJ 5, 3509-3516 
B R U N F I , С , SRI W I D A Ü A , J & JFANTEUR, Ρ (1985) 
snRNPs and scRNPs in cukar\otic cells I n Pmg »miri 
sulxell liml,\n\ IX (ed S E Mahn, О J Kopecko & 
W С G Mul ler) , pp 1-52 Berlin Springer Verlag 
B U G I FR, R , CAIZFRGUFS FERRFR, M , B O U C H F , G , 
BOURBON, I I & A M A I R I C , F (1982) Detection and 
localization of a class of proteins immunologically related 
to a 100 kDa nucleolar protein /•ur J Hioihem 128, 
475-480 
B U R D O N R I I , Q U R E S I I I , M & A D A M S , R I . Ρ (1985) 
Nuclear matrix associated D N A methylase lim, him 
hmph\s Лча 825, 70-79 
B U R R I , В & GFRACE, L (1986) A cell free system to 
study reassembly of the nuclear envelope at the end of 
mitosis ( ell 44, 639-652 
CAPTO, D G , W A N , Κ M & P F N M A N S (1982) T h e 
nuclear matrix three dimensional architecture and 
protein composition Cell 29, 847-848 
C A R M O TONSECA, M , C I O A D A O , Λ J & D A V I D FFRRFIRA 
J Γ (1988) Filamentous cross-bridges link intentie diate 
filaments to the nuclear pore complexes I ur f (ell 
liiol 45, 282-290 
C F L I S , J E , BRAVO, R , ARENSTORF, I I Ρ & 
L F S I O U R G F O N , W M (1986) Idcntihcation of 
proliferation scnsitne human preileins amongst 
components of the 40S hnRNP particles 11 /ÍS' ¡jell 
194, 101-109 
C H A I Y, N , B I A D O N , Τ , SFTTFRFIEI D, G , Ι ITTI ι , J E , 
K A P I A N , J G Si B R O W N D L (1984) Changes in 
distribution of nuclear matrix antigens dur ing the mitotic 
cell cycle J ( ,11 limi 99, 661-671 
C H O I , ^ D , G R A B O W S K I , Ρ J , SHARP, Ρ А к 
DRFYFUSS, G (1986) I letcrogencous nuclear 
nbonuclcoprotcins role in R N A splicing Sítente 231, 
1534-1539 
CIFJFK, Ε Μ , NORSTROM, J I . , T S A I , M ] 8t 
O ' M A U F Y , I) \V (1982) Ribonucleic acid precursors 
arc associated with the chick oviduct nuclear matrix 
liimhenmln 2 1 , 4945-4953 
C O M I N G S , ! ) I. & PETFRS, Κ E (1981) T w o dimensional 
gel electrophoresis of nuclear particles I n Ihe (ell 
\tiil,m,\u\ 9 (cd H Busch), pp 89-118 New York 
Academic Press 
ÜAGFNAIS, Α , BlBOR HARDY, \ , LAI IBFRTÉ, J F , 
R O V A I , Λ & S I M A R D , R (1985) Detection in В П К cells 
of a precursor form for lamín A kxpl ( ell Hes 161, 
269-276 
D A V I S , I . I ScRlOBFl .G (1986) Identification and 
eharacten/ation of a nuclear pore complex protein ( ell 
45, 699-709 
Пе nuclear matrix 31 
33 
DiNMiiMi I) \ S.lt\RR\<K, I К (Г>Ч-1) I I , . 
l l l l l l l l l l - , Ι ΐ ΐρ 1)[ . І Ш І М І Д Н І г<ир|(.г U \ ι Is In . І І И І Г І І Щ І І 
ris|ii>i)>ii\i.!H44 πι l l u l ) i i i i i i in |¡ RJJ27 ral рпізіаіс iunior 
ч і Ы і і и ч / ( W 132 X21-8¿7 
D R U H ' S S , ( . ( i m ) S l r m t u r i .nul ( i i iKlKi i i n l i i l i i ka r 
.nul iMnp l isiiiK n l i i i n iKk i ip r i iU in iMr l idc* \ 1<<г (eli 
Umi 2, 4S,)-t,)4 
l)Rniii4s, (, С imi, \ I) & Хочм s \ (1484) 
С lnr, i ( . l ( i i /Ulu l i ni І к І ( г п ц ( п и ш ч т к к н г UNA p n i t i i n 
( i i m p l ( \ ( v in \ i\( i with inonoLloiial anlibodics ih/Ui 
,,ΙΙ limi 4 IHM 1114 
I \RNSM\W \\ I (I'Wfi) Muni i i . cl ir i i i i i iwi i i i i i structure 
πι upd I U In f hnwiriviiiiíil l'inteim nittl (nut 
I \ / i n \wim ( i d d К K i n k , (, Λ ( κ ι ι κ Κ ι ι η & I' 
Р ш Ы о п и п и Ь ) pp SS 7S N i w Nnik IMiniim 
I \RNSII\W \\ ( I I A I I K . V S , Il , ( (» iK i . I N . l l f r K , 
M M s
 t\ I li , I I ( IWS) І і ір іпч і іп ігачг I I is a 
s l i n i t i i i i i l Ki i i ipniKi i t ιιΓ i i u l d t i i i l ir i inuisonie scaffoldii 
7 (ill IM 100, I7(lfi-I7l4 
I ARNSIIAW \\ С I I Μ Ι Κ.ΑΝ, Ν , СіИІКІ С Λ &. 
К и п и м ι и, Ν I (14X4) Ι lic k i n i l n c l i n r i ι« p i r t of the 
mitapl i isi i l i romosoini scaffold 7 ( сІПіюІ 98, 
1S2 И7 
r\RNSii\« \ l С S. П и к , M M S (I4HS) l.ocali/alion 
of Іпрпімшигам I I in i iulolic chrofiiosonics 7 (ítlHwl 
100, Ι 7 | ί ι - Ι 7 2 ϊ 
I MiNMivw.W t λ І л і ч м н , l ' К ( Г Ш ) Л г і і і і н с і і і г с 
ol i iKt.iphasi i l i ro inosol i i i scaffolds / ( ell lìmi 96, 
X I - ' J l 
I i . n . J Μ Μ η \ M i m i N ( , , M O M H I и м , \ & 
( l l \MII( IN Г (l'№4) К Щ и ! а ІГ I l lsinpllOll IIMtLltlOII 
f i l i n i for KN \ р і . Ім ін і ι-ι 11» / WHO J 3. 2 U i l 2J7I 
I r s i i i N I' K I I I I » . K & l i t s o i I I ( I ' W ) Multiple 
vi i l l u n i 1 λ RN \ m N i n i k i i l f hipaloiua nucleoli 
Пішіишып 23 S-I2I S42S 
I M I I K M V N I & I'iK.i) \ O (147S) Isol inol i of a 
I I I K U и ι iboutK Unpro ld i i tulMork ll ial lonlains 
l i ( l (r i i t ; ( iHoi is KN \ uid is bound to (lie nuclear 
i i i u l u p i linn lu lillen 14, ІХІШ ЧХКі 
I \KSN S I l S I R ( , f c M x R I I N I I (ІУЖі) 
l ininuniK l i i t r i m n iHios iopi Msiiali/.itinn of nuclear 
n l i i i i i i K l i o p r o k i n anti i idis within spr(a(l transcription 
( i . n i p l i x i s 7 (¡Il limi 103, U S I IIS7 
I П . Ι ( ι ( A l ' d l I) (• ΚΚΙΙΓΙΙΜΛΙ NH , ( i &. Ι^ΝΜΛΝ, 
S (РЖІЛ) I p i i h d i it s i n i c t i i i i п м а і к і Ь\ chdii ical 
( l issdi i in i АІ\Л i i i i i i i i h c d d u l i lcctron nilci(iscop> / (ell 
Umi 99 2111s 2()Hs 
I n i ( j K H I K I I M M N K О I ^ I ' I N M A N , S ( И Ш « ) 
I ll( ШИН І1ГОІ11 l l l t l sIll istMKtliriS (if tl l( l l t l l lcus ІІІС 
n l inn i i i l i i i p r i i l i i i i t K N I ' ) (оШашшц .nid K M ' d i p l i t e d 
tn. i i r iKs i i i , i l\/(( l b\ s((|u(ntial fr. i i l io i ial ioi i ^nd 
иsinli*.*. s d i i o n ( I n t r o n i i i i i roscopi 7 (illliml 102, 
I(ñ4 llids 
I n . l (• O R N I и i s I ) \ λ Ι Ί N M A N , S (l')K(i/,) 
\ssii(i,inoii i\\ l t \ \ « i d i t i n c i l o s k i l i t o n and the 
n u i l i a i inalrix J(ill\ii Sii/i/>/ 4, 99-114 
I n i ( , W A N Κ M « , Γ Ι Ν Μ Λ Ν . S (1984«) 
I p i l l i l i ) il i i l o s k i l i i a l f iaui iv iork anti nui l iar mains 
ink r i u n i i i l i l i l .u i i i i i l si i f lold thr i ' i I I I I I I I I I S I O I M I 
ОІЦ н и / Ш и п and p r o n i n ciiniposition 7 (illliml 98, 
1971 1984 
12 li 1 < ι/κ i;< и 11 ui 
I I I S I I N \ J , l.hwis, \ l l i i m n Ί d l i s i n i R I' \ 
(I9HS) MOIIOCIOIMI annhodus p r i p . i n d agallisi t i n 
major DniMiphìUi i iucl iar matrix pori coinplcs laniina 
ц К ю р г о П ш huid spicil icalK lo t i n i iucl iar cniclopc in 
silu 7 hml (him 260, 1K,4-1172 
risum. I) 7, , CiiAtJijHARV, Ν λ Rioni ι. U (1486) 
( Ι ) Ν Λ seipiitiiiii|T of nuclear lainiiis \ .mil С reveals 
pruil ir\ and seiondan striielural lionioloux to 
i n t i n i i u l i a H hlanienl iiroteins І*іы ntlln bntl >S" 
( S 1 83, M4()-MS4 
l-osirR, К Л S i C o i i i N S . J M (I98S) Τ Ite in l i rrelat ion 
he tu ce π D N \ s\nllicsis rates and D N Λ pol\ nu rases 
hound to the nuclear matrix in svnchmni/ed HcLa cells 
7 hml (him 260 4229-421'; 
I RANKF, \\ \V (1987) N u d t a r lanuns and celnplasmic 
uuerinciliate hlainent proteins a gnneing iiiulttgenc 
famdv ( ell 48, 1-4 
P R A N M - , \V И SiboiFPR V (1970) T h e ultrastruciurc' 
of the nuclear envelope of aiuphihun ouevtes a 
r(inv(sni>,iiiun I T h e mature (Kievte 7 I Itutitnitt 
He·. 30, 288-316 
fRANKF, \\ \\ , h i riNSOIMIIIT, J \ , SPRING, I I , 
K R O H N E , G , G R U N D , С , '1 RI NnrUNBURC, Μ Γ , 
STOFIIR, M & SrilFFR, l ' (IQSlri) Λ nucleolar skeleton 
of protein hlainetils denioiistr,ucd in amplihcd nucleoli of 
\ ( mi/>iiv lim is 7 f ell limi 90, 289-299 
I RANM, \\ \\ , SeilFFR, U , KltOIINF, G & J A R A S O I , Π 
D (Ι981/>) Піе nuclear envelope and the arelutccturc of 
the nuclear penpherv 7 ( ell limi 9 1 , 19s SOs 
G A K I I F V A G A R I I O V A , 7, Γ ι FROV, Γ & DFSSFV, G N 
(1982) I'ffeet of ehroii iatl l i decoudensation on the 
inlraiuiele-ar matrix I ш 7 ( ι II limi 28, ISS-IS9 
U A I I I N A R I ) I l , PuvioN, I , KistFR, I & j A o m , M 
(1981) Nuclear u ia lnx and l inKNP share a comnion 
siruciur.il constiiuent associated with prcnussenger 
RNA / WHO 7 2, 9Sl-9<iU 
G A S S I R, S M I .AROCIIF, I , I A I Q I I I T , J , » r i A ' l o u R , 
Γ (1 8 ( 1 Λ Γ Μ Μ Ι Ι , U К ( l ' M i ) Mt-taphase 
chroiiHisome slnicl i ire Invohi incnt of topoisomcraie 
I I 7 iW<< Hml 186. 611-029 
GloRt.vros Ь D S i l l H i i i F i . G (ІЧ87л) l u t i Jistuirt 
atlaeliiiieiit sites for vuiientin aloni; t i n plasma 
incinhranc and the nuclear envelope in avian 
ervthroevles a basis for ι vectorial asseinhlv of 
nuerinediatc lilanicnts 7 (¡II Hml 105, I ( K - I | 4 
GuiRi.Aios, 4 D « ¡ I I I OBI I , G (Ι987/ι) I aniin В 
consiitutis an iiuerinediate hlanienl attae lune tit site at 
the mtdear ( m i l o p e 7 (illliml 105, I17-12S 
G L R A Î F , L (I9H6) Nuclear lamina and огцаііі7аІіоп of the 
inn l iar envelope lumhlhuihm Sei 1 1 , 4 4 1 446 
G F R A I F . I Í V I I I O H H , G (1982) Nuclear laiiuna and 
пгкаіі]7а!іоіі of the nuclear envelope f old Spniig lUulxn 
.Sim/) ηι,ι,ηΐ lìmi 46, 967-978 
GiRACF, I , C O M I л и , С k l l i N S O N . M (1984) 
Or^ani/alion and nindtilatinn of nuclear lamina 
str i i i lure 7 (ell Su Sappi I, 117-160 
GlRAO.I , OllAVIANO, 4 (t KoNDOR Когн, С (1982) 
IddUiricatiun of a major pulvpejUide of the nuclear роге 
complex 7 ( t II lìmi 95,826-817 
34 
(jolssiNS (. (147')) IUI Hums h i l w i t n fibrillar сіпіігч 
anil nuikoliis n^iKtattd Llirntnatn) in Flirlich tumor 
ni ls (ill ІІюІ Іш H</i J, 1 1 7 - H t 
( . O I S S I N S , (, (19H4) Nulnilar sirutliire lul Hei (Mul 
87, 11)7-1 SS 
(«Ol OMAN, H , (,<)1 OMAN, Λ , (»RTFN, К , JONI "i, J , 
I IISkN, Ν ^ Ί ANC, I l ^ (I48S) Inlcrinetlialc 
III iimnls pnssibli liniLtifitis as t\t(>ski.lcul umntclinc 
links h(.t\\un tlu IIIILILIIS and ihe celi surface Ann Л ì 
\(ii<l Su 455, 1 17 
(JOUNON Г f iKARSINII К (1981) I I I W I I M I I I C I H Ili 
ciinlraLlili proteins in tin chanECS in coiisistcilc\ of 
шили піи knplasin oí Ihc newt I'leuimtelet uallln 
7 <<IIIM 88, 410-421 
llABirs, W J . B F K I H N , J I I M . I I o c n , S О St VAN 
\ ι NRoou \\ J (l98Srr) f u r t l u r characttriyation anti 
snliccllulai locali/ation of Stn anti 14 nbonuileoprolein 
aiiiii;tiis / ut 7 fininun 15, W2-9y7 
MVBHS, \\ І І О П , Μ , HRINt.MANN, Ρ , LPMRMANN, R 
& \ A N \ ι ΝΚΠΟΙΙ, \\ (198Sft) Antoantibodits to 
ΓΐΙιοιιικ.Ιιορπ>ΐι.ιη particles containing U2 small nuclear 
UN \ / MHO У 4 I54S-|44() 
І І л ш ю і о , \ \ (19SS) [tu' \iittinlui oml НіЫнітіе 
liii>t>i m m ( ell ІіюІоі>\ Monofttafihs, vol 12 New \ork 
Spril lar \ ігіац 
Ι Ι Λ Ι Ι Κ . Λ Ν , It \) S M A I I , I ) . V O O F I S T F I N , В , U S I M I , Τ • 
S & I ili. I Ь (1984) I otali/ation ol Ivpe 11 D N A 
lopoisotiHrasc in iincltar matrix 7 ( ell lìmi 99, 128a 
Ι Ι Λ Ν Ι Ι Κ Κ , R & . B O I I I I K A S , I (1982) hunctional 
огцапі/аіиіп in (lie nucleus In! Ііег ( \tol 79, 16S-214 
Ι Ι Λ Ν Ι Ι Κ Κ , К & Drssrv, G (1988) Nonliistonc proteins 
atul the огцашчаооп of cukarytilic D N A In І*іщ/е** in 
\tmliislont l'wtein HactiHh. I (onda CRC Press (in 
puss) 
I I | R [ \ N G . I C K F R T , \\ A KAFFFNBFRCER, \\ & 
U U N I I I RI и il. I (1979) Isolatinn and cliaractcrizalion 
of an ΗΝ \ containing niicUar matrix fioni lelwhxmena 
inatroiiiulci Инн In umili 18 1782-1788 
IliRMAN, К , W F Y M O I M I , I Si I ' F N M A N , S (1978) 
Ileterogemous nucUar RNA-protem fibers in 
clmnnalin ilcplctid nuclei 7 ( rll limi 78, W)3 074 
HiN/i'iNR, M & D i m кг, V\ (1987) A naie sis of 
biological and bioelicinical paiameters for clironiatiti and 
nuclear matrix association of SV40 large Τ antigen in 
transforincd cells (Ьппщт 1, 119-129 
Hol сіипі к, \ (1984) Nuclear ribonuclcoproteiiis 
containing lietcrogeneoiis RNA In (Ітнінкппші 
\inilu\tiiiH I'niUiii*-\tnulutaiAswaalwiit, чоі IV 
(id 1 S llmlica) pp 21-117 Boca Raton, Honda 
С RC Press 
lloi τ, с; 1) , SNOW, ( M , SFNIOR, A , IlAniwAN<.FR, 
R S , G I R A C I . 1. & . I I A R I , G W (1987) Nuclear pore 
complex gKcoprolcins contain сvtoplasinicallv disposed O-
lioked \ accnlglucnsanimt 7 <ell lìmi 104, I IS7- IUi4 
l l t lBIRI, J , MOUVIFR, I ) . A R N O U I T , J & B O U T F I H F , M 
(1981) Isolation and partial cliaractenzation of the 
nuclear sh.ll of llcba cells /.*/>/ ( ell Mes 131,446-455 
l l l ' R m . J S. BouRt.iots, С A (1986) I he nuclear 
skelelon and tilt spatial arrangement nf cliromosnnics in 
llie intcrpli.isc nucleus nf vertebrale somatic cells Hum 
(.eitil 74, 1-15 
MuniRT, J BURFAU, J λ Поіітпі ι F, M (1984) 
Aneliorage of tlie nucleolus in the pore complex lamina 
h\ a I ) N \ bearing stiiicturc masked in situ in rat liver 
nuclei Unti (ill 52, 91-102 
JACKSON, I ) A , C A I O N , A J . M I C R F A U Y , S J & C O O K , 
I' R (1982) Inlluenza eirus RNA is s\ntlicsi/ed al 
fixed sites in tlie micluis \ttiiiie, IJIIIII 296, 166-368 
JACKSON I) \ , M ( ( R F A D V , S J к COOK, Ρ R (1981) 
Keplicatinn and transcription depend on attaellinent ol 
D N A to the nuclear cage J ( ell Su Sappi / , 5 9 - 7 9 
JONFS, С & Su, R Τ (1982) D N A poKnicrasc alpha 
from the nuclear inalnx nf tells infected with simian 
Mrus40 \ i „ / \,iihKe< 10,5517-5512 
JORDAN, f G (1984) Nulenlar nonienclauire J ( ell Sri 
67, 217-220 
JORDAN, F G & C L I N S , С Л (1982) '1 he Nucleolus 
I/Midon, New ^ork Cambridge Unnersit\ Press 
K A U I M A N N S I I . I I E I D S Λ Ρ L SIIAPFR, J I I (19Я6) 
Ί he nuclear matrix current concepts and unanswered 
questions In Vetll \<Іііеч exf> I'alh \ lu It til I let tntil 
Міитііф\, vol 12 (cd G Jasmin ôc R Stmard), pp 
141-171 Basel Karger 
K A U I M A N N , S I I id SIIAPFR, J I I (1984) Λ subset nf 
non histonc minicar proteins rcversiblv stabilized bv the 
stilflivdrvl cross linking reagent lelratluonate Lxftt (ell 
lie* 155, 477-495 
KHITTOO, G , D F I O R M F , I , , D F R Y , С \ , I R F M R I A Y , M 
L , WFBFR. J M , BIBOR H A R D Y , V & S I M A R D , R 
(1986) Role of the nuclear matrix in adenovirus 
maturation 1 mis Ht ν 5,391-401 
KiNNiBURC.M, \ J & Ross, J (1979) Processing of the 
mouse β globin m K N A precursor at least two 
cleavage-ligation reactions are necessarv to excise the 
larger iiilervemng sctpience ( ell 17, 915-921 
KlRStH, I M , Mil I FR DlTNLR, А &Ь|ГМЛ(К, G 
(1986) 1 he nuclear matrix is the site of glucocorticoid 
receptor complex action in the nucleus lititchettl 
bmpli\s Ііеч (timinun 137, 640 648 
K R O I I N F , G ie BrNAVbNTF, R (19Я6) The nuclear 
lamins a nuiltigene lannlv of proteins in evolution and 
differenliation / v/>/ ( ell lit s 162, 1-10 
K R O H N E G & FRANKF, \\ W (1980) \ major soluble 
acidic protein located m nuclei of diverse vertebrate 
species / \pl Cell lies 129, 167 189 
L A F O N D , R h & WooDcotK, С Ι. Г (1981) Status of 
the nuclear matrix m mature and eiilbrvontc chick 
ervthroevtc nuclei I \pl ( ell Ret 147,11-39 
L A H I R I , D К & I I I O M A S , J О (1985) ' Ihe fate of 
heterogeneous nuclear ribouucleoprotein complexes 
during mitosis 7 ^/u/ ' liem 260, 598-601 
t.AlllRI, I ) К & I I I O M A S . J О (1987) .Small nuclear 
RNAs exist as large RN \-protein complexes during 
mitosis In Abstracts ol papers ol the mccliilg on R N A 
processing 1987, Cold Spring Harbor, ρ 107 New 
\ork Cold Spring Harbor Press 
bAIIBFRTf, J Γ . DAC.FNAIS, Λ , ΓΙΙΙΟΝ, M , IllBOR-
I K R D Y , V , SiMARii, R & Κ Ο Υ Λ Ι , Λ (1984) 
fdcnlilicatioii of distinct messenger RNAs for nticlear 
lamín С anil a putative precursor of nuclear lanun A 
7 Cell lìmi 98, 980-985 
The nmletn matnx 33 
35 
І.ГВЕІ. S fi R A M H O N I ) , \ (1·>84) bamm В from rat liver 
n u t l u exists bnib as a Iantina protein arni as an intrinsic 
incmbranc prnieii i 7 Aio/ ( 'hem. 259, 2693-26%. 
Ь Р В П , S & R A Y M O N D , V (1987) Lamms A, В and С 
slure an epitope with the common domain of 
inteniHihate filament proteins. Expl Cell Res 169, 
sMi-Sds 
I.IBKOWSKI, J S λ І.лгмміі, U. К (1982//) evidence 
for two клеіч of D N A folding in histonc-depleted i l e L a 
interphase nu i lei 7 miller thol 156, 3(19-324 
L F B K O W S K I , J S & Ι,ΛΓΜΜΠ, U. К (1982А) Nonhistone 
proteins and Іоііц-raiige organization of UeLa interphase 
Ι^ΝΛ. 7 mulet limi 156, 325-344. 
I.EHNFR, С l·' , KURFR, V , RPPEMBERGER, I I . M . & NlGG, 
E A (1986) The nutlcar lamín protein family in higher 
icr lcbrales: identification of quant i tatncly minor lamm 
pmtems bv monoclonal antibodies. J. hoi Chem. Ubi, 
13293-13301. 
l.lSlOURGFON, W Μ . , Ι,01Ή5ΤΕ1Ν, Ь , W A I KER, В W. & 
BFVFR, Л L. (1981) T h e composition and general 
lopnlog) of R N A and protein m monomer 40S 
r iboiualeoprolem particles. I n The Cell Kmleus, vol. 9 
(ed I I Busch), pp. 49-87. New York: Academic Press. 
L F W I S , С I ) . & L A F M M I I , U. K. (1982) High order 
metaphasc chromosome structure: evidence for 
mctalloprotein ll iteraclmns. Cell 29, 171-181. 
l - rwis, С I ) , I.FBKowsKi, J. S., Π Λ Ι Υ , A К & 
1-ліммі і , U К (1984) Interphase nuclear matrix and 
metaphasc scaffolding structures. J Cell Sn. Suppl I, 
103-122 
l.i)N<,, II I I , I I I I A N G , С Л & Poco, Α. О. (1979). 
Isolation and tharactcnzatinn of the nuclear matrix in 
Friend er^throleiikemia cells: chromatin and h n R N A 
intcraclinns with the nuclear matrix. Cell 18, 1079-1090. 
U I N C , I) I I & O C I I S , R L (1983). Nuclear matrix, 
h n R N A , and snRNA in Freund erythroleukcinia nuclei 
depleted of chromatin by low ionic strength E D T A . liiol. 
Celli», 89-98. 
Ιχ)Νϋ, В. I I . & SCIÌRIFR, \ \ I l (1983). Isolation from 
Friend ervtliroleiikcnna cells of an RNasc-scnsitive 
nuclear niainx f ibri l fraction containing hnRNA and 
snRNA ПюІ Cell 48. 99-108. 
M A N I A T I S , Г. & REH). R (1987). T h e role of small 
nuclear rihonuclcnprntcin particles in pre-mRNA 
splicing Xatine. Imiti. 325, 673-678 
M A N I FY, J I. , I I R F , A , C A N O , Α., SHARP, Ρ A. & 
G i r r i R , M I. (1980) DNA-depcndent transcription of 
adenovirus genes in a soluble whole-cell extract. /Vor. 
тип \iiitl Su Î'SA 77,3855-3859. 
M A R I M A N , E , H A G I B O I S , A - M . & VAN VF.NROOD, W. J. 
(1982/)) On the localization and transport of specific 
adenoviral mRNA-scquenccs in the late infected I l eLa 
cell Snel ibid* lbs 10,6131-6145. 
M A R I M A N , F.. С. M , VAN E F K F L E N , С. Л . G., R E I N D F R S , 
R J., B I R N S , Л J M « I V A N VENROOIJ, W. J. (1982e). 
Adcnonral helerngcncous nuclear RNA is associated 
« l i b the host nuclear matrix dur ing splicing. J moler. 
limi 154, 103-119 
M A R I I N , 'Γ E. & O K A M U R A , С. S. (1981). 
Imuiunochemistry of nuclear h n R N P complexes. I n ІЬе 
34 H. Yeiheijen el al. 
Cell.\mleus, vol 9 (ed. I I . Busch), pp. 119-144. New 
V i r k : Academic Press. 
MAUNDRri i , K., M A X W F I L , E. S , PtIVION, E. Л 
SCHFRRFR, K. (1981) The nuclear matrix of duck 
erythroblasts is associated with globin m R N A coding 
sequences but not with the major proteins oí 40S nuclear 
RNP. lixpl Cell He* 136, 435-445 
MiKfcON, F D , KiRsniFR, M W. & CAPUT, I ) (1986). 
Homologies in both primary and secondary structure 
between nuclear envelope and intermediate filament 
proteins. Satine, Ілті 319, 463-468. 
M u ι ER, Τ . E , H U A N G , С.-Y & Poco, A υ (1978ο). 
Rat luer nuclear skeleton and nbomicleoprotein 
complexes containing h n R N A . J Cell lìiol. 76, 675-691. 
M I L I ER, Τ E., H U A N G , С.-Y & Poco, А О (І978/>) Rat 
liver nuclear skeleton and small molecular weight R N A 
species 7 Cell lìmi 76, 692-704. 
MlRKOvrrCH, J . , MlRAULT, M.-E. & I.AEMMII, U. K. 
(1984) Organization of the higher-order chromatin loop: 
specific D N A attachment sites on nuclear scaffold. Cell 
39, 223-232. 
MOPFET, R. B. & W E B B , T . E. (1983) Relationship 
between the transport from isolated nuclei of two 
abundant cytoplasmic messengers and the source of a 
messenger RNA transport factor. Molec. Biol. Rep. 9, 
227-230. 
N A K A Y A S U , I I . i t U E D A , K. (1984) Small nuclear 
RNA-prote in complex anchors on the actin filaments in 
bovine lymphocyte nuclear matrix. Cell Slruct. Funet. 9, 
317-325 
N A K A Y A S U , I I . & U E D A , K. (1985). Association of rapidly-
labelled RNAs with actm m nuclear matrix from mouse 
L5I78Y cells Expl Cell Res 160,319-330. 
N A K A Y A S U , H . & U E D A , K. (1986). Preferential association 
of acidic actin with nuclei and nuclear matrix from 
mouse leukemia L5I78Y cells. Expl Cell Res. 163, 
327-336. 
NFI -SON, W. G. , P IFNTA, K. ] . , BARRACK, E. R i t 
COFFEY, D. S (1986). The role o( the nuclear matrix in 
(he organization and function of D N A . A. Rev. Biophys. 
biophvf. Chem 15, 457-475. 
NFWPORT, J. W. & FORBES, D J. (1987). The nucleus: 
structure, function and dynamics. Л . Rev. Rtorhem. 56, 
535-565. 
N I S H I Z A W A , M . , T A N A B F , К i t T A K A H A S H I , T . (1984). 
D N A polymerases and D N A topmsomerases solubihzed 
from nuclear matrices of regenerating rat livers. Biorhem. 
hinphy:. Res. Commun 124, 917-924. 
O I S O N , M . О. J , GUF.TZOW, Κ 8t B U S C H , H . (1981). 
I^ocalization of phosphoprotcin C23 in nucleoli by 
immunological methods. Expl Cell Res 135, 259-265. 
OISON, M О J. & T H O M P S O N , В. A (1983). Distr ibut ion 
of proteins among chromatin components of nucleoli. 
Hmrhemistrv 22, 3187-3193 
O I S O N , M О J. , W A L L A C E , M . O., HERRERA, А. П., 
M A R S H A L L - C A R L S O N , L & H U N T , R С. (1986) 
Prenbosnmal ribonuclcoprotein particles are в major 
component oí a nucleolar matrix Iraction. Biorhemistrv 
25,484-491. 
OSBORN, M . i t WEBER, K. (1987). Cytoplasmic 
intermediate filament proteins and the nuclear lamms A, 
36 
Π and С share the I I A epitope Expl Cell Res 170, 
194-203 
OTTAVIANO, \ & G E R A C F , Ь (1985) Plimphorylation uf 
the ішскдг lainins dur ing interphase and mitosis J btol 
(hem 260 624-632 
PADGFTT, R Л , G R A B O W S K I , Ρ J , K O N A R S K A , Μ Μ , 
S m FR S SI S H A R P , Ρ A (1986) Splicing of messenger 
RNA precursors Λ lid ПюіНіт 55,1119-1150 
P A U I S Ü N J R &LAEMMI1 U К (1977) The structure 
of histoiie depleted metaphase chromosomes CV// 1Z, 
817-S28 
PtDFRSON, 1 (1981) Nuclear R N A - p r o l e m inlcracliuns 
and messtngcr R N A processing J Cell Biol 97, 
Π21-Ι326 
PFTTERSON 1 HINTFRRFRGFR, M , M I M O R I T , GOTTI iFB, 
Г & S T U T / , J A (1984) I he structure of mammalian 
small nuclear nbonuclcoproteins J btol Chem 259, 
5907-5914 
Pi H H F J B O I I F R К & ANDERFR, F A (1986) 
Phosphoprottin р р П 5 is an essential component of the 
nucleolus organizer region ( N O R ) Expl Cell Res 162, 
11-22 
Po<,0 А О , CORNUDFl I A, 1, , GREBANIER, A E , 
PROIYCK, R & / B R / r ¿ N A , V (1982) Cross l inking 
cxpcnineiils in і н к і с а г matrix nonhistone proteins to 
lustonis and snRN A lo hnRNA I n 77іе Suelear 
J m dope ami the hut lem Malnr (ed G G Maul) , pp 
221 211 N c w W k Alan R Liss, Ine 
P o i K i i F i r r M , A N T F U N I S , A & G A N S M U L I F R , A (1986) 
С orrespondence of t u n nuclear networks observed m situ 
vMih the nuclear matrix Hiol Cell 56 107-112 
R A T Ρ M M & T R A N K F , W W (1972) The interphase 
distribution of satellite D N A containing heterochromatin 
in mouse nuclei ( hntmosoma 39, 443—456 
R A ¿ I N , S \ ClIFRNOKMVOSTOV V V , YAROVAYA, О V 
6 GEORGIEV G Ρ (1985) Organization of the sites for 
D N A attachment to the nonhistone proteinaceous 
nuclear skeleton I n /''«¡p Xonlmtotte Protein Res , vol 
I I (cd Bckhor), pp 91-114 Boca Raton, Florida CRC 
Press 
R L D D Y , R , I I F N N I N C , I Í & BUSCH, I I (1985) Primary 
and sccondarv structure of U8 small nuclear RNA 
7 Imi Cium 260, 10910-10935 
REUTPR R , APPEI , В , B R I N G M A N N , Ρ , R I N K F , J & 
l.tHiRMANN, R (1984) 5' Terminal caps of snRNAs are 
reactive with antibodies specific for 2,2,7 
trunctlnlguanosinc in uhole cells and nuclear matrices 
/ \plletlRis 154, 548-S60 
R F U I I R, R , APPFL, В , R I N K F , J & L O I I R M A N N , R 
(І9Я5) I^ocilizatinn and structure of snRNPs during 
mitosis / xpl ( ell lies 159 63-79 
R I N K I · , J i t STFITZ, J Л (1982) Precursor molecules of 
both human 5S nbosomal R N A and transfer RNAs are 
hound hy a cellular protein reactive wi th anti*La lupus 
antibodies ( ell 29, 149-159 
Ross О А Л EN, R \\ & C H A F , С В (1982) 
Association of g lobm ribonucleic acid and its precursors 
wi lh the chicken ervthrohlast nuclear matrix 
linn heinisln 2 1 , 764-771 
S O I F I R , U (1972) I he ultrastructure of the nuclear 
envelope of amphibian oocytes I V On the chemical 
nature of the nuclear pore complex material Ζ 
7ellforsrh tmkrnik anat 127, 127-148 
SCHFER, U , H I N S S E N , I I , P R A N K E , W W & JOCKUSCH, 
Β M (1984) Microinjection of actm-hmding proteins 
and aclin antibodies demonstrates involvement uf nuclear 
actm in transcription of lampbrush chromosomes Cell 
39, 111-122 
SCHEER, IJ , KARTENBECK, J , T R E N D E L E N B U R G , M F , 
S T A D L E R , ] & F R A N K F , W W (1976) Experimental 
disintegration of the nuclear envelope Evidence for 
pore connecting fibrils J Cell Btol 69, 1-18 
SCHIRMBECK, R & DEPPERT, W (1987) Specific 
interaction of simian virus 40 large Τ antigen with 
cellular chromatin and nuclear matrix during the course 
of infection J Vero/ 6 1 , 3561-3569 
SCHRÖDER, H С , B A C H M A N N , M , D I E H L SEIFERT, В & 
MOLLER, W E G (19876) Transport of m R N A from 
nucleus to cytoplasm Prog Nucí Acid Res malee Biol 
45, 98-142 
SCHRODFR, I I С , N I T Z G E N , D E , B E R N D , A , K U R E I E C , 
В , Z A H N , R К , G R A M Z O W , M & M Ü L L E R , W E G 
(1984) Inhibit ion of nuclear envelope nucleoside 
triphosphate regulated nucleocyloplasmic messenger 
RNA translocation by 9 β D-arabinofuranosylademnc 5'· 
triphosphate in rodent cells Cancer Ret 44, 3812-3819 
SCHRODFR, I I С , T R O L I T S C H , D , FRIESF, U , 
B A C I I M A N N , M 4 M ü l l FR, W E G (1987л) Mature 
m R N A is selectively released from the nuclear matrix by 
an A ΓΡ/dATP dependent mechanism sensitive to 
topoisomerase inhibitors J btol (hem 262,8917-8925 
SCHRODFR H С , Z A H N , R К S I M O I L E R , W F G 
(1982) Role of actin and tubul in in the regulation of 
poly(A) polymerase-cndoribonuclcase IV complex from 
calf thymus J bml Chem 257, 2105-2309 
SETTFRFIELD, G , H A L L , R , B I A D O N , Τ , 1 ITTLE, J & 
K A P L A N , ] G (1981) Changes m structure and 
composition of lymphocyte nuclei dur ing mitogenic 
stimulation J I HlraUruct Res 82, 264-282 
SETYONO, В & GREENBERG, J (1981) Proteins associated 
with poly A and other regions oí m R N A and hnRNA 
molecules as investigated by cross l inking Cell 24, 
775-783 
SHAPER, J I f , PARDOLL , D M , K A U F M A N N , S H , 
BARRACK, E R , VOGELSTEIN, В & COFFEY, D S 
(1979) The relationship of the nuclear matrix to cellular 
structure and function \nAdr Enzxme Regulation, vol 
17 (ed G Weber), pp 213-248 Oxford, New York 
Pergamon Press 
S H I O M I , Y , POWERS, J , B O L I A, R 1 , V A N N G U Y E N , Τ & 
SCHLESSINGER, D (1986) Proteins and R N A in mouse 
1, cell core nucleoli and nucleolar matrix Biochemistry 
25, 5745-5751 
S I M A R D , R , Β ι BOR H A R D Y , V , D A G E N A I S , A , B F R N A R D , 
M & P I N A R D , M F (1986) Role of the nuclear matrix 
during viral replication Meth Achtev exp Pathol 12, 
172-199 
S M I T H , I I С , BEREZNEY, R , BREWSTER, J M 8t R E K O S H , 
D (1985) Properties of adenoviral D N A bound lo the 
nuclear matrix Biochemistry 24, 1197-1202 
S M I T H , I I С , P U V I O N , Ε , R U C H H O L T Z , L A & 
BERFZNEY, R (1984) Spatial distribution of D N A loop 
ІЪе nuclear matrix 35 
37 
а і і н і і і ш і н and rcpliinttniial sites in the nuclear matrix 
7 ( ell IM M 1794 1H02 
Ьмми Ч S . K F I M . K II b J o t K u s t i i , η M (1979) 
Actin t o purifica with RNA polymerase II Hiochem 
hiitf>h\< /Λ« < mnrnnn 86, 161-IM) 
S N O W , t" M , SHNIOH, Λ it GtRArF, I (1987) 
МоіннliMial antibodies idtntifv а цгопр of nuclear ptirc 
compii \ g\\ copi ote ins 7 < ril fimi 104 1 H 1 - I 1 S 6 
SOMMI и п I F . J (1986) Nucleolar structure and nbosome 
bioKincsis Itciuh Biorhtm Sit 1 1 , 4 4 1 446 
S P K T O R I) I, , SdiRiFR, W II Si lKiSdt, II (1981) 
Imiiiunoelcctrnn microscopic localization of snRNPs 
IM ( ell 49, 1-10 
S P K T O R 1) I & SMITH II С (I486) RcdiMnbiitnin ol 
U si iRNI's diiniif! mitosis / τρ/ Í ell He·. 163, 8 7 - 9 4 
S T M H I N H I I ι, M Si DFPPfRT, W (1982) Intermedíate 
lilauunt s\ stems arc collapsed onto the nuclear surface 
after isolation of nttiki from tissue culture cells Ixpl 
(,ll H M 138, 207-214 
STAUrrNRMl M & D F P P F R I , W (1984) Preparation of 
nuclear matrices from cultured cells subfractiouation of 
nuclei m situ 7 ( ell IM 98. 1886-1894 
S I K к, R & KROIINE, G (1982) Immiinnlogical 
localunlmn of the major architectural jirotcin associated 
with the інкіеаг i m e l o p e of the \enopus laetts oocvte 
/ x f > / ( ! / / № < 138 119-330 
Г о ш ж о , I Τ & Н л о л о ю , A A (1979) A comparison 
of miele ar and nucleolar matrix proteins from rat liver 
(ell IM hit Ibp 3 753-757 
Ι υ η ο , R \ & HFR/NEY, R ( 1 9 8 7 Л ) Identification of 100 
and I40S D N A pobmerase a-pnmase migacomplexes 
solubili7cd from the nuclear matrix of regenerating rat 
lixcr 7 ЬюІ (lii-m Z62, S857-S865 
T U R O R Λ & B F R F / N F Y , R (1987i>) Nuclear matrix 
bound D N A primase to the nuclear matrix in MeLa 
cells 7 bini (htm 262 6637-6642 
U N W I N , [> N 'I & M I I I I < , A N , R A (1982) A large 
particle associated with the perimeter of the nuclear pore 
complex J ( ell ГЫ 9 3 , 6 3 - 7 5 
VAN bFKHFN, С Λ G , MARIMAN, Ε С Μ , REINDERS, 
R J & VAN VFNROOIJ, \\ J ( 1 9 8 1 Ο ) Adenoviral 
heterogeneous nuclear RNA is associated with host eel' 
proteins I ui J liiothem 1 1 9 , 4 6 1 - 4 6 7 
VAN FFKFI F N , С A G , RIFMEN, Τ & VAN VENROOU, W 
J (1981/)) Specificity in the interaction of hnRNA and 
mRNA with proteins as revealed by in vivo cross-
Imkmg / / » S Uli 130, 223-226 
Υ Λ Ν Ι Έ Κ Μ Ε Ν , С A G . S A I D E N , M II l. , IIABETS, W 
] A , VAN Dr PUTTF, L D A & VAN V F N R O O I I , W J 
(1982) On the existence of an internal nuclear protein 
strucluri in l lel-a cells hvpHellRes 1 4 1 , 1 8 1 - 1 9 0 
VAN Ι ι κ π FN, С A G Ь VAN VENROOU, W J (1981) 
hnRNA and its attachment to a nuclear protein matrix 
7 ( ell IM 88, SM ЧбЗ 
VAN VFNROOII, W J . G I F I K E N S , A I, J , J A N S S F N Λ Ρ 
M & Ο Ι Ο Ε Μ Γ Ν Ι Μ Ι , I l (1975) Transport of messenger 
RNA into different classes of membrane associated 
polyribosomes in Flirlich ascites tumor cells Яг/г J 
Іішсііет 56, 229-238 
VAN \CNROOIJ, VI ] , RlFMFN, I it VAN E F K F I F N , 
С A G (1982л) Host proteins are associated with 
36 H I erheijen el al 
adenoMius specific mRNA in the cytoplasm /*/ RS liti 
145, 62-66 
VAN VINROOIJ, \V J V A N I F K F I F N , С A G , MARIMAN, 
F С M & RuNiiFRS, R J (Ι982Λ) On the binding of 
host and viral RNA to the nuclear matrix In the 
\шІгаі I m elope arni the Siti lent Miitn\ (ed G G 
Maul), pp 235-245 Niw W k Alan R I.iss 
VAN \ I NROOIJ W J , \ FRIIFUFN R i MARIMAN, I С 
(1985) AdcnoMtal hnRNA is associated with the host 
nuclear matrix during processing In 1 nal Mt tteiigei 
K\/l (ed Y Becker), pp 147-163 Boston Marlmus 
Ni|hoff 
VFRHFUFN R , KtiupFRS, II , Voous, Ρ , VAN VFNROOIJ, 
\V & RAMAFKFRS, I (1986л) Protein composition of 
nuclear matrix pnpárannos from KeLa ul ls an 
iiiiniunochemieal approach J (ellSn 80, 101-122 
VFRHFIJFN R , KIIIJI'FRS, II Voous Ρ VAN VFNROOIJ, 
W & RAMAFKFRS, I (1986A) Distribution of the 70K 
l 1) RNA associated protein during interphase and 
mitosis 7 (ell Sri 86, 173-190 
VOCFISTFIN, R í¡ ΙΚίΝΓ. Β I (1982) A subset of small 
nuclear nboniielcoprotein particle antigens is a 
component of the nuclear matrix Bwcheni biophis Res 
(отпит 105, 1224-1232 
VOGFISIFIN, В , SHAH, D , ROBINSON, S & N F I KIN, В 
(1985) The nuclear matrix and the nrgani7ation of 
nuclear DNA In Piug \oniiisUme Pivtein Hi ç , vol II 
(ed Bekhor), pp 115-129 Boca Raton, Florida CRC 
Press 
WAGFNMAKFRS, A J M , RFINDERS, R J it VAN 
VFNROOIJ, W J (1980) Cross linking of mRNA to 
proteins by irradiation of intact cells with ultraviolet 
light /·!» 7 liimhem 111, 123-330 
WUK, II E , WERR, II , FRIFDRIUI, D , KILTZ, It H it 
SCIIAFFR, Κ Ρ (1985) 'I he core proteins of 35S 
heterogeneous nuclear nbonucleoprotcin complexes 
cliaraeteri7alion of nine different species hur J 
liiothem 146. 71-81 
WOOD. S 11 it COLLINS, J M (1986) Preferential 
binding of DNA primase to the nuclear matrix in HeLa 
cells 7 bml (hem 261, 7119-7122 
WOODCOCK, С I, I & WOODCOCK, II (1986) Nuclear 
matrix generation during reactivation of avian 
erythroevte nuclei an analysis of the protein traffic in 
cvbnds 7 (ell Sci 84, 105-127 
ZEMNBAUFR, В A it VOCFLSTEIN, В (1985) Supercoiled 
loops and the organization of replication and 
transcription in cukaryotes lliol ¡sa\5 2, 52-54 
ZEITLIN, S , PARFNT, A , SILVFRSTFIN, S & EFSTRATIADIS, 
A (1987) Prt mRNA splicing and the nuclear matrix 
Molet tell lìmi 7, 111-120 
ZHONOHF Ζ , NlCKFRSON, J A , KROCHMAINIC, G it 
PFNMAN, 4 (1987) Alterations m nuclear malrix 
structure after adenovirus infection J Xiinl 61, 
1007-1018 
ZIFVF, G & PFNMAN, S (1976) Small RNA species of the 
I lei,a cell metabolism and subcellular localization (V// 
8, 19-31 
(Reteñid 2 Octohei 1987 - Accepted 25 Januari /<Ш) 
38 
CHAPTER 2 
PROTEIN COMPOSITION OF NUCLEAR MATRIX PREPARATIONS 
FROM HeLa CELLS; AN IMMUNOCHEMICAL APPROACH 
Ron Verheijen, Helma Kuijpers, Peter Vooijs, 
Valther van Venrooij and Frans Ramaekers 
Reprinted with permission from: 
J. Cell Sci. vol.80, 103-122, 1986. 
Je kunt maar op één manier de grenzen van het mogelijke ontdekken: door je er 
een stukje overheen te vagen in het onmogelijke. (Arthur С. Clarke, Profiles 
of the Future) 
J. Cell Sci. 80, 103-122 (1986) 
Printed in Great Britain © The Company of Biologists Limited 1986 
103 
PROTEIN COMPOSITION OF NUCLEAR MATRIX 
PREPARATIONS FROM HeLa CELLS: AN 
I M M U N O C H E M I C A L APPROACH 
RON V E R H E I J E N 1 · · , HELMA KUIJPERS 1 , PETER VOOIJS 1 , 
WALTHER VAN VENROOIJ 2 AND FRANS RAMAEKERS 1 
^Department of Pathology, Radboud Hospital, and 2Departmenl of Biochemistry, 
University of Nijmegen, Geert Gwoteplein Zuid 24, 6525 GA Nijmegen, The Netherlands 
SUMMARY 
Procedures for the isolation of HeLa S3 nuclear matrices were re-examined with special 
emphasis on the use of various nucleases and detergents as well as on the ionic strength of the final 
salt extraction. 
The protein composition of the resulting nuclear matrix preparations was analysed by one- and 
two-dimensional gel electrophoresis and found to be extremely reproducible. By means of co-
electrophoresis several typical cytoskeletal proteins (actin, vimentin and cytokeratina) and 
heterogeneous nuclear RNA (hnRNA)-associated core proteins (hnRNP) were shown to be 
present in such nuclear matrix preparations. The nature of some other protein components was 
elucidated using two-dimensional immunoblotting and immunofluorescence. For this purpose 
mouse monoclonal antibodies to cytoskeletal components (vimentin, cytokeratins), small nuclear 
RNP (70X10'Λ/, protein of υ,-RNP), hnRNP (C1/C2) and the pore-complex lamina (lamine A, 
В and C) were used next to human autoimmune sera obtained from patients with connective tissue 
diseases and directed against the residual nucleoli and the internal fibrillar mass. These antibodies 
enabled us to identify a number of proteins present specifically in the nuclear matrix and to show 
that part of the cytoskeletal proteins are still present in the isolated structures. 
I N T R O D U C T I O N 
When isolated nuclei are depleted of their membranes, soluble molecules and 
chromatin by means of subsequent treatments with detergents, nucleases and high-
salt solutions, a structural framework, mostly referred to as the nuclear matrix, 
remains (reviewed by Agutter & Richardson, 1980; Kaufmann & Shaper, 1984). 
The isolated nuclear matrix consists of three morphologically distinguishable 
structural elements: (1) a peripheral layer, which represents the remainder of the 
nuclear envelope and contains pore-complexes in association with a lamina; (2) 
residual nucleoli', and (3) internal fibrillar structures. 
The peripheral роге-complex lamina has been isolated separately and its 
polypeptide composition has been determined (Franke, Scheer, Krohne & J arasch, 
1981). In higher eukaryotes three distinct polypeptides, lamine А, В and С (60 to 
* Author for correspondence. 
Key words: nuclear matrix, cytoskeleton, hnRNP, monoclonal antibodies, autoantibodies. 
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), can be discerned. Studies dealing with the chromatin-depleted 
nucleolar residue indicate that it contains a unique subset of proteins within nuclear 
matrix preparations (Peters & Comings, 1980; Comings & Peters, 1981; Krohne 
et al. 1982). 
Little is known about the structural polypeptides forming the intranuclear fibrillar 
network, but the few studies that have been done indicate that it is very complex 
(Peters & Comings, 1980; Capeo, Wan & Penman, 1982; Fischer, Berrios & Blobel, 
1982). Experimental evidence showing which polypeptides form the structural 
backbone is lacking, although some reports have shown that actin, apparently in a 
non-filamentous form, is the main component of the nuclear matrix (Clark & 
Rosenbaum, 1979; Krohne & Franke, 1980; Capeo et al. 1982; Nakayasu & Ueda, 
1983; Staufenbiel & Deppert, 1984). 
There is good evidence that this internal matrix represents a structure that also 
exists in the intact cell (van Eekelen & van Venrooij, 1981; Kaufmann, Coffey & 
Shaper, 1981; Brasch, 1982; Capeo et al. 1982; van Eekelen et al. 1982; Fischer 
et al. 1982). The internal matrix structure of HeLa cells, for example, seems not to 
depend on RNA or DNA for its structural integrity. Even so, disulphide bridge 
formation is not likely to be responsible for its formation (van Eekelen et al. 1982). 
Furthermore, specific proteins can be found in the isolated matrix (Fey, Wan & 
Penman, 1984). 
Studies in which the three-dimensional structural organization of isolated matrices 
was viewed using electron microscopy on whole mount preparations instead of thin 
sections corroborate the hypothesis of the existence of an internal nuclear protein 
structure. These studies also showed a distinct interaction between the cytoskeleton 
and the nuclear matrix (Capeo et al. 1982; Capeo, Krochmalnic & Penman, 1984; 
Fey étal. 1984). 
Additional indications of the existence of an intranuclear structural framework can 
be deduced from studies of its functional aspects in, for example, DNA replication 
(McCready et al. 1980; Pardoll, Vogelstein & Coffey, 1980; Vogelstein, Pardotl & 
Coffey, 1980; Berezney & Coffey, 1985), hormone binding (Barrack & Coffey, 
1980), association with viral tumour antigens (Staufenbiel & Deppert, 1983), and 
processing and transport of RNA (Herman, Weymouth & Penman, 1978; Miller, 
Huang & Pogo, 1978; Maundrell, Maxwell, Puvion & Scherrer, 1981; Jackson, 
Caton, McCready & Cook, 1982; Mariman et al. 1982Ö; Mariman, Hagebols & van 
Venrooij, 1982Ò; Ben-Ze'ev & Aloni, 1983; Mariman, van Beek-Reinders & van 
Venrooij, 1983). 
The primary transcript of DNA in eukaryotic cells is heterogeneous nuclear RNA 
(linRNA). This hnRNA is present in the cell nucleus as fibrillar ribonucleoprotein 
(RNP) particles and granules (Holoubek, 1984; Wilket al. 1985). The major protein 
components of hnRNP complexes are the core proteins of about 30 to 4ІХІ0 M
r
. 
The nomenclature proposed for these proteins by Beyer, Christensen, Walker & 
LeStourgcon (1977) has recently been extended by Wilket al. (1985) as a result of 
their two-dimensional gel analyses of the core proteins from isolated 35-40 S hnRNP 
complexes. 
42 
Immunochemical charactertzation of nuclear matrix proteins 105 
In our approach to identify the nature of the protein components that participate 
in the nuclease- and high-salt-resistant nuclear structure we have examined the 
effects of several methods of preparation on the polypeptide pattern of this matrix, 
including different types of nuclease treatments and high-salt extractions. After the 
establishment of such a routine procedure, and verification of its reproducibility, 
several of the polypeptides present in such preparations were identified using 
immunochemical techniques. 
In this paper we use the terminology of Kaufmann & Shaper ( 1984) and define the 
nuclear matrix as the detergent-, nuclease-, and salt-resistant entity composed of 
components of the nucleolus, a non-histone intranuclear meshwork, and a peripheral 
layer composed of the lamina with its pore-complexes. 
MATERIALS AND METHODS 
Cell culture and labelling 
Tissue culture media and calf sera were purchased from Flow Laboratories Ltd, Irvine, 
Scotland MeLa S3 cells (human cervix carcinoma) were grown in suspension at 37 °C at densities 
ranging from 0 5 x l 0 6 to 106 cells ml"1 on Suspension Minimal Essential Medium supplemented 
with 10% newborn calf serum and 1 Sgl" 1 lactalbumin hydrolysate (van Eekelen et al 1982). 
Cellular protein was labelled by incubating the cells for 16 h with 5-10μΟ ml - 1 [35S]methionine 
(AmershamU К ± lOOOCimmol-1) at densitiesof IO6 toZxlO'cellsmr' For the first 2-3 h the 
cells were incubated in tissue culture medium that contained only labelled methionine, then 
0 1 vol of complete medium was added 
Cell fractionation and purification of nuclear matrices 
All chemicals were of analytical grade Buffers were boiled in the presence of 0 0 2 % diethyl-
pyrocarbonate and then autoclaved Cell fractionations were carried out m the presence of 0 5 mM-
phenylmethylsulphonyl chloride (PMSC) and 5 тм-ЛГ-ethylmaleimide (MalNEt) to reduce 
proteolytic degradation and disulphide bridge formation, respectively These agents were added 
from freshly prepared stocks Ribonuclease A (RNase A) (Sigma Chemical Co , München) was 
pre-mcubated for 15 min at 100°C to reduce possible protease activity Centrifugation steps were 
carried out for 5 mm at 800 # and 2CC 
The procedure that we have established for the isolation of nuclear matrices, carried out at 
0-4oC, is as follows cells were harvested on frozen NKM buffer (ІЗОтм-NaCl, 5тм-КС1, 
1 5 mM MgClz), pelleted by centrifugation, washed twice with isotonic NKM solution and pelleted 
again Each of the following steps in the procedure was preceded by washing the pellet twice with 
reticulocyte suspension buffer (RSB) (lOmM-NaCl, lOmM-Tns-acetate, pH7 4, 1 SmM-MgClz) 
Subsequently, the cell pellet was suspended in hypertonic buffer (RSB with 0 Зм-sucrose) and 
after addition of 0 05 vol 10% Triton X-100 in RSB the suspension (4X 107cells ml"1) was gently 
swirled in ice for about 1 mm and centnfuged to sediment the cytoskeletons After washing these 
were resuspended in RSB (4ХІ07 cells ml - 1) and, after addition of 0 1 vol of a freshly prepared 
solution of 5% sodium deoxycholate (DOC)/10% Tween 40 in RSB, homogenized by 10 strokes 
of a motor-driven Teflon pestle in a Potter tissue homogenizer (Kontes Co., Vineland, N J ) The 
nuclei were pelleted, washed and resuspended in I1RSB (HOmM-NaCl, lOmM-Tns-acetate, 
pH7 4, 1 5 т м MgClz) at a density of ІХІ08 nuclei ml - 1 and incubated with 800/¿gml-1 deoxy-
nbonuclcase I (DNase I) (Sigma) and 25//gml_I RNase A (Sigma) for 15mm at 20°C During 
this digestion step MalNEt was omitted, but immediately after the incubation it was added again to 
a final concentration of 5 mM 
The DNA-deplcted nuclei were spun down, washed and gently resuspended in 0 4 м-
(NfbhSO.,, SOmM-Tns-acetate, pH 7 4, l-SmM-MgC^. The matrices were pelleted, washed and 
resuspended in RSB 
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Gel electrophoresis 
Samples were prepared for gel electrophoresis as described by van Eekelen & van Venrooij 
(1981). After pelleting, the nuclear matrices were immediately dissolved in sodium dodecyl 
sulphate (SDS) sample buffer. SDS/polyacrylamide gel electrophoresis (SDS/PAGE) was 
performed using the Laemmli (1970) buffer system. 
For two-dimensional gel electrophoresis under non-equilibrium isoelectric focusing conditions 
in the first dimension, the procedure of O'Farrell was used (O'Farrell, Goodman it O'Farrell, 
1977), and electrophoresis was performed for 1800Vh. For the second dimension 10% SDS/ 
Polyacrylamide gels were used. 
For the identification of non-muscle actin and vimentin on two-dimensional gels a cytoskeletal 
preparation from bovine lens cortical fibres was comigrated with [35S]methionine-labelled HeLa 
proteins. For the localization of cytokeratin spots (cytokeratins 7, 8, 18 and 19, according to the 
nomenclature of Moll et al. 1982) a cytoskeletal preparation of the human bladder carcinoma cell 
line T24 was used. 
The hnRNA-associated core proteins were identified by comigration with unlabelled core 
proteins of 35-40 S hnRNP complexes (Wilk et al. 1985). 
Blotting and detection of proteins 
Transfer of proteins from 10 % Polyacrylamide gels onto nitrocellulose sheets was performed as 
described by Habets et al. (1983). After transfer the blots were dried and stored at room 
temperature. Detection of the antigens on the blots was essentially performed as described (Habets 
et al. 1985). For detection of labelled proteins on the gels the procedure of Bonner & Laskey ( 1974) 
was used. 
Immunofluorescence microscopy 
HeLa cell nuclear matrix preparations were immunolabelled in suspension essentially as follows: 
about 5x10* matrices were centrifuged (5min, 800^, 4°C), the pellet washed twice with 200/il 
phosphate-buffered saline (PBS) containing 5 % foetal calf serum (FCS) and pelleted again. 
The matrices were resuspended in 50 μΐ of the primary antibodies in the appropriate dilutions 
and incubated for 45 min at 4°C, with occasional stirring. Table 1 summarizes the antibody 
preparations used for immunoblotting and immunofluorescence studies. Subsequently the 
Table 1. Characteristics of the antibodies used for immunoblotting and immuno­
fluorescence studies 
Code in 
Antibody Antigen Reference Fig. 9 
RGE53/CK18-2· M Cytokeratin 18 
pKer 
RV201 
ρ Vim 
41CC4 
LN43 
Τ100 
J26 
T5 
Z3 
LIS 
4F4 
2-73 
R 
M 
R 
M 
M 
H 
H 
H 
H 
H 
M 
M 
Human callus keratins 
Bovine lens vimentin 
Bovine lens vimentin 
Lamine А,В,С 
Lamín В 
Nucleolar proteins 
Nucleolar proteins 
Nucleolar proteins 
86xl0 3 M
r 
56, 7 0 ( x l 0 3 M
r
) 
C1/C2 core proteins 
70xl0 3 M
r
/Ul-RNP 
Ramaekers et al. (19836) 
Ramaekers et al. (1983α) 
Unpublished 
Ramaekers et al. (1983α) 
Burke et al. (1983) 
Unpublished 
Unpublished 
Unpublished 
Unpublished 
van Venrooij et al. (1985) 
Unpublished 
Choi «cDreyfuss (1984) 
Billings era/. (1982) 
18 
ν,ν·,ν·· 
L.,LC 
Lb 
Nb.N« 
N.,NC 
N d 
I. 
'd.Ic 
I. 
Іь 
M, mouse monoclonal antibody; R, polyclonal rabbit antiserum; H, human autoimmune serum; 
L, lamins; N, nucleolar proteins; I, proteins localized in the internal fibrillar structure. 
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/ (salt solution) 
Fig. 1 Estimation of the percentages of high-salt extracted [35S]methionine-labelled 
proteins from HeLa nuclei as a function of ionic strength of the extraction buffer. The 
values given are the average of four experiments showing deviations of ± 2 %. The ionic 
strength ƒ of a solution is given by the relation 1= Ι/Ζ^,Ο,Ζ,2, where C, is the 
concentration of an ion of type ι and Z, the number of charges carried by this ion. 
matrices were pelleted, washed twice with 200 μΐ PBS/5 % PCS and incubated for 45 mm at room 
temperature in 50 μΐ of the appropriate fluorescein isothiocyanate(FITC)-con]ugated second 
antibodies (Nordic, Tilburg, The Netherlands). These included. FITC-conjugated rabbit anti-
mouse immunoglobulin G (IgG) (heavy and light chains) for detection of the monoclonal primary 
antibodies, FITC-conjugated goat-anti-rabbit IgG (heavy and light chains) for the detection of the 
polyclonal rabbit primary antibodies and FITC-conjugated goat-anti-human Ig (heavy and light 
chains) for the human autoimmune antibodies. 
After this incubation the matrices were washed as described above and suspended in 50 μΐ 
PBS/glycerol (1:1, v/v). The fluorescent matrix samples were diluted 1:25 in PBS containing 
10% normal goat serum and spun down onto coverslips using a Cytospin centrifuge. The 
samples were dried overnight at room temperature, mounted in Gelvatol (Monsanto, St Louis, 
Missouri, U.S A.) containing lOOmgml"1 l,4-diazobicyclo-[2,2,2]-octane (DABCO; Janssen 
Pharmaceutica, Beerse, Belgium) and viewed with a Leitz Dialux 20 EB microscope equipped with 
epifluorescent illumination using appropriate niters (or fluorescein fluorescence. Pictures were 
taken on Tn-X film (Kodak) with an automatic camera using an ASA setting of 400. 
RESULTS 
Effects of high-salt extraction 
In studying the effects of salt solutions on the protein patterns of the nuclear 
matrices, DNA-depleted nuclei were extracted with salt solutions of various ionic 
strengths in the presence of 50 mM-Tris-acetate ( ρ Η 7 · 4 ) and l-SmM-MgClz (Fig. 1). 
An increase in ionic strength leads to an increase of the amount of extractable 
protein, with the maximal amount of extractable proteins being about 55 % in the 
case of (NH4)2S04 and about 60 % when NaCl is used. T h e results of extraction with 
KCl were similar to those of NaCl (data not shown). 
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The various high-salt extracts were analysed on one-dimensional SDS/poly-
acrylamide gels (Fig. 2) showing that although some variation in the relative amounts 
of extracted proteins can occur, there is no striking qualitative difference between the 
patterns of extracted proteins or between the protein patterns of the remaining 
nuclear matrices. Only minor differences were observed between the protein patterns 
of the matrix obtained after treatment with (N114)2804 or NaCl. In particular, 
somewhat more of a protein that is probably identical to actin could be extracted 
using (N114)2804 (arrows in Fig. 2). 
Histones were almost completely removed from DNA-depleted nuclei by ionic 
strengths of 0 9 and higher. From these data we have chosen a salt concentration in 
our extraction procedure of 0 - 4 M - ( N H 4 ) 2 S O 4 . 
Effects of nucleases 
The effects of different nucleases were studied by incubating isolated nuclei either 
with DNase I (RNase-free) (Fig. 3A), DNase I/RNase A (Fig. Зв) or with micro-
coccal nuclease/RNase A mixtures (Fig. 3c). No striking differences between the 
protein patterns of the three types of nuclear matrix preparations could be found, 
except that RNase treatment seemed to reduce the amount of hnRNA-associated 
proteins in the nuclear matrix (compare Fig. 3A with в and C) and micrococcal 
nuclease treatment seemed to remove more of some unidentified polypeptides, as 
indicated by the open arrowheads in Fig. Зв. 
Ttvo-dimensional gel electrophoretic analysis of nuclear matrix proteins 
The routine procedure that we use for the isolation of nuclear matrices on the basis 
of the foregoing experiments does not differ essentially from methods described 
earlier by van Eekelen et al. (1982) and Fey et al. (1984). In the procedure of van 
Eekelen et al. the Triton X-100 step was omitted while the digested nucleic acids and 
their associated proteins were extracted in two steps. Fey et al. (1984) used 0-25 M-
(N114)2804 in the high-salt extraction instead of the 0 - 4 M - ( N H 4 ) 2 S O 4 as used by us. 
Fig. 4 shows the one-dimensional SDS/Polyacrylamide gel patterns and Fig. S the 
two-dimensional patterns of the different fractions obtained after the subsequent 
extraction steps. One of the major protein components that occurs only in the nuclear 
matrix fraction consists of a number of protein spots in the 65-72X 103Л/
Г
 region, 
with isoelectric points ranging between 8 and 8-5. This group of apparently closely 
related polypeptides is shown in detail in Fig. 6. The identity of this cluster, which 
consists of about 15-17 polypeptide spots, is unknown. Fig. 7 shows the electron-
microscopic appearance of a nuclear matrix isolated by the routine procedure. 
Cytoskeletal proteins 
Comparing all the protein patterns shown in Fig. S, it is obvious that a 43 X10 MT 
polypeptide, comigrating in both dimensions with actin from bovine lens (indicated 
as a) occurs in all fractions in relatively high amounts. Polypeptide spots comigrating 
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with the intermediate filament proteins vimentin (indicated by ν in Fig 5) and the 
four HeLa cytokeratms (i e. nos 7, 8, 18 and 19, indicated as such in the gels) were 
observed in all fractions except in the soluble fraction and in the D N ase/R Nase 
incubation supernatant. In the DNase/RNase extract, however, a small amount of a 
polypeptide comigrating with cytokeratin 8 can be detected. The polypeptide 
migrating in the vicinity of vimentin (astenx in Fig. 5A) may represent either a 
tubulin subunit or a vimentin breakdown product, which has a molecular weight 
slightly lower than vimentin and behaves m a slightly more acidic way on NEpHGE 
gels 
hnRNP 
hnRNA-associated proteins (hnRNP) can be subdivided into three classes. The 
main components are represented by the Ai, A ,^ В],, Вц,, Bi
c
, Вг, Ci, Сг, Сз and 
Сзх polypeptides (Wilk et al. 1985), which are indicated as such in Fig. SC,D,E. 
As a result of DNase/RNase treatment, proteins Ai, A
z
, Bu and Віь are partly 
released After the subsequent high-salt treatment part of the Ci, Вг and probably 
B|C are released next to a remainder of Aj, кг, Bj, and Вц,. By using comigration we 
were unable to indicate the positions of proteins Сг, Cj and Сзх in these fractions. 
However, as will be shown below, using immunoblotting we could show their 
presence in the nuclear matrix fraction. 
Identification of nuclear matrix proteins by the immunoblotting method 
Two-dimensional gels of [35S]methionine-labelled nuclear matrix preparations 
were blotted onto nitrocellulose sheets and used for the immunochemical detection 
and characterization of several nuclear proteins. All prominent protein spots, present 
on the autoradiographs of the gels, also occurred on the autoradiographs of such 
protein blots, indicating an optimal transfer of polypeptides in all regions of 
molecular weight and isoelectric point (not shown). Using several monoclonal 
antibodies as well as human autoantibodies directed to specific components of the 
cytoskeleton and the nucleus (see Table 1), on these [ S]methionine-labelled 
protein blots we were able to identify a number of proteins present specifically in the 
nuclear matrix (Fig. 8) 
Monoclonal antibodies to the intermediate filament proteins vimentin and cyto­
keratin 18 clearly recognized these proteins in the blots (Fig. 8A). The immuno­
fluorescence studies with these monoclonal antibodies and the rabbit antisera 
directed against keratin and vimentin stain a fibrillar network apparently surround­
ing the nuclear matrix (Fig. 8в,с). 
The monoclonal antibody 41CC4 to rat liver lamine А, В and С (Burke, Tooze & 
Warren, 1983) detected, on two-dimensional blots, only lamins A and С of HeLa 
cells (Fig. 8 D ) . For the detection of lamín В we used the monoclonal antibody LN43 
(Fig 8E) Immunofluorescence studies with these two lamín antibodies revealed a 
diffuse stainmg of the whole nuclear matrix structure with a higher fluorescence 
intensity at the matrix periphery (Fig 8F) . 
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The core proteins Cj and Cz of the 40 S hnRNP particle (according to the 
nomenclature proposed by Beyer et al. 1977) were detected by monoclonal antibody 
4F4 (Choi & Dreyfuss, 1984) From Fig 8G it can be seen that both proteins are 
present over a relatively broad range of isoelectric points in our blots, probably due to 
nucleic acid remainders still in tight interaction with these hnRNP core poly­
peptides It is likely that the Ci (39x 103Л/
Г
) and Сг (4ІХ 103Л/
Г
) correspond to the 
Cj and Сзх core proteins, respectively, described by Wilk et al (1985) In the 
fluorescence pictures it can be seen that this antibody stains the nuclear matrix rather 
diffusely except for the nucleoli (Fig. 8н). 
The monoclonal antibody 2 73 directed against the 7 0 x l 0 3 M
r
 protein of 
U l - R N P (Billings, Allen, Jensen & Hoch, 1982) reacts with three discrete protein 
spots (two major spots and one weaker spot) in the two-dimensional immunoblots. 
The three polypeptides migrate together within a small range of molecular weights 
and pH values (Fig 8i). These proteins have been described to have a very slow rate 
of [ SJmethionine incorporation and can be detected only in Coomassie-Blue-
stained gels (Billings & Hoch, 1984). Immunofluorescence shows a dot-like 
distribution of the 70x 103M
r
 antigens in the nuclear matrix (Fig. 8J) . 
In addition to the mouse monoclonal antibodies, human autoimmune sera from 
patients suffering from connective tissue diseases were used for immunoblotting and 
immunofluorescence studies. The carefully selected sera were either directed against 
the internal fibrillar mass of the nuclear matrix (Fig. 8L) or against the residual 
nucleoli (Fig. 8 N ) and showed, on one-dimensional Western blots, a specific reaction 
with only one or two nuclear proteins. 
The human autoimmune serum Z3, which was shown in one-dimensional blots to 
react with an antigen with an apparent molecular weight of 86x10 that has been 
suggested to occur specifícally in the nuclear matrix (van Venrooi] et al 1985), reacts 
on a two-dimensional blot with an antigen having an isoelectric point of about 8*4 
(Fig 8K). Immunofluorescence studies with this serum on isolated nuclear matrix 
preparations revealed a diffuse staining reaction, with exclusion of the nucleolar 
remainder (Fig 8L) . 
In the immunoblots the three nucleolar antibodies T5, J26 and T100 each reacted 
with different proteins, apparently specific for nucleoli (see, e.g., the reaction of T5 
in Fig 8м,N). 
Fig 9 summarizes all our immunoblotting data. The schematic drawing of the 
autoradiograph shows the typical nuclear matrix protein pattern and the 
identification of some components by immunoblotting. The indications used for the 
different protein spots correspond to the code used in Table 1 and permits a direct 
correlation between antiserum and proteins recognized on the immunoblots. 
Fig 2 Analysis of [3sS]methionine-labelled proteins in the high-salt extracts of Heba 
nuclei and the corresponding remaining nuclear matrices The proteins were extracted 
with А, (МН^гЗОч, ore, NaCl and analysed on a 13% SDS/polyacrylamide gel Lanes 
1 to 5 show the proteins extracted with salt solutions with ionic strengths of 0 3, 0 6, 0 9, 
1 2 and 1 8, respectively Lanes 1* to 5* show the corresponding proteins in the 
remaining structures after these salt treatments. The arrow indicates the position of actin 
4 9 
•·» Щь 
IO"3 
ν 
ЯШЕ, ЩШ 
18J 
I hnRNP 
proteins 
В 
l>«^.. 
>Ш <ви· 
£>· 
8 7 · 
І в ^ * 
86 
74 
57 
43 
*S 
- 32 
i l l I 
9-3 8-4 7-1 5-3 
5 0 Fig. 3 
Immunochemical characterization of nuclear matrix proteins 113 
M A B 
*•• ш 
Fig. 4. One-dimensional gel electrophoretic analysis of protein fractions of the extraction 
steps obtained during the isolation of nuclear matrices. The gel is a 13% SDS/ 
Polyacrylamide gel. Lanes A, Triton-soluble fraction of HeLa cells; в, DOC/Tween-
soluble fraction; c, proteins released after DNase l/RNase A incubation; D, high-salt 
extractable fraction after nuclease treatment; and E, nuclear matrix preparation; M, 
molecular weight markers. [ C]-methylated marker proteins (Amersham) used 
( x l O _ 3 M
r
) were: lysozyme (14-3), carbonic anhydrase (30), ovalbumin (46), bovine 
serum albumin (69) and Phosphorylase Ь (93). 
Fig. 3. Two-dimensional gel analysis of nuclear matrix preparations treated with 
different nucleases. The following treatments were tested: 
л. Digestion with DNase I only, under RNase-free conditions. For these experiments 
RNase-free DNase I was used (DPFF quality; Worthington Biochemical Corp.). The 
nuclei ( lx l0 8 /ml) were incubated for 15 min at 20°C in HRSB containing З О О ^ т Г 1 
DNase 1 and 0-5mM-PMSC. 
в. Digestion with DNase l/RNase A. The nuclei ( lx l0 8 /ml) were incubated for 
ISmin at 20°C in HRSB containing 8 0 0 μ g m r 1 DNase I (Sigma), 25 fig m l " ' RNase A 
(Sigma) and 0-5mM-PMSC. 
с Digestion with micrococcal nuclease/RNase A. A. The nuclei ( 1 Χ 1 0 8 / Π Ί ) were 
intubated for 15 min at 10°C in RSB containing 200 U m l - 1 micrococcal nuclease (P-L 
Biochemicals, Inc., Milwaukee, Wis.), 2 5 μ g m P l RNase A (Sigma), 0-5mM-PMSC and 
1 т м - С а 2 + . ν, vimentin; a, actin; 7, 8 and 18, the different HeLa cytokeratin subunits. 
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Fig. 6. Detail of a two-dimensional gel electrophoretic separation of a nuclear matrix 
preparation showing the main protein cluster composed of about 15-17 basic 
polypeptides in the 65-72 (X103) M, region. L, and L
c
 indicate the lamins A and C. 
DISCUSSION 
In this study we have tried to identify proteins of the detergent-, nuclease-, and 
salt-resistant fraction of HeLa cells, usually referred to as the nuclear matrix 
(reviewed by Agutter & Richardson, 1980; Kaufmann & Shaper, 1984). The method 
that we now use routinely for the preparation of nuclear matrices has been developed 
from studies in which several conditions of nuclease and high-salt treatments were 
tested. The final procedure, however, is comparable to those described earlier by van 
Eekelen et al. (1982) and Fey e< al. (1984). 
Identification of nuclear matrix proteins in this study has been achieved mainly by 
a combination of two-dimensional gel electrophoresis and immunoblotting studies 
using mouse monoclonal antibodies and human autoimmune sera directed against 
nuclear and cytoskeletal components (Table 1). In this way several proteins present 
in nuclear matrix preparations could be identified. 
Over the past years actin has been identified in many studies as a major protein in 
isolated nuclear fractions, but in most cases the possibility that actin was present as a 
cytoplasmic contamination could not be excluded (Comings & Harris, 1976; 
LeStourgeon, 1978). Yet, it has been demonstrated that manually isolated and 
cleaned nuclei of amphibian oocytes contain large amounts of actin (Clark & 
Rosenbaum, 1979; Krohne & Franke, 1980) and, recently. Scheer, Hinssen, Franke 
& Jockusch (1984) have shown that nuclear actin of amphibian oocytes might be 
involved in the transcription of lampbrush chromosomes. 
Fig. 5. Two-dimensional gel electrophoretic analysis of fractions A to E from Fig. 4. 
л. Triton-soluble fraction of HeLa cells; в, DOC/Tween-soluble fraction; c, proteins 
released by DNase l/RNase A treatment; D, high-salt extractable fraction after nuclease 
treatment; and E, nuclear matrix preparation. Aj, A2) Bi,, Вц,, Bic and Ci indicate the 
linRNA-associated core proteins according to the nomenclature of Wilk et al. (1985). 
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Fig. 7. Electron-microscopic appearance of a HeLa nuclear matrix preparation. Electron 
microscopy was performed as described by van Eekelen & van Venrooij (1981). Bar, 
1-3μιη. 
In nuclear matrix preparations from HeLa cells we find a major component of 
4 3 x l 0 3 M
r
, which comigrates with bovine actin on two-dimensional gels. Our 
preliminary results with rhodamine-conjugated phalloidin applied to nuclear matrix 
preparations indicate that filamentous actin may be present in these preparations. 
However, the exact localization of the staining reaction cannot be determined on the 
basis of these light-microscopic studies. 
Protein components, which make up the intermediate filament cytoskeleton in 
HeLa cells (vimentin and cytokeratins), could also be identified as major spots in 
nuclear matrix preparations in the two-dimensional gels and by immunoblotting. 
However, the immunofluorescence patterns indicate that these proteins occur as a 
network structure around the nucleus, which supports the idea that these 
intermediate filament proteins are firmly attached to nuclear matrix components as 
was suggested earlier (Woodcock, 1980; Granger & Lazarides, 1982; Peters, Okada 
& Comings, 1982; Capeo et al. 1984; Fey et al. 1984). They are possibly involved in 
Fig. 8. Immunochemical identification of proteins present in the nuclear matrix by 
means of two-dimensional immunoblotting (A,D,E,C,I,K,M) and immunofluorescence 
(B.C.F.H.J.L.N), using the antibodies described in Table 1. A. Vimentin and its breakdown 
products (V, V·, V · · ) and cytokeratin 18 detected on the same immunoblot using 
antibodies RV201 and RGES3, respectively, в,с Filamentous staining patterns seen in 
nuclear matrices when incubated with the monoclonal antibody to cytokeratin 18 (в) or 
vimentin (с). D. Lamins A and С detected in a blot with antibody 41CC4. E. Lamin В as 
detected by the antibody LN43. F. Immunofluorescence pattern of antibody 41CC4 on 
nuclear matrices. G. C| and C2 hnRNA-associated core proteins detected by antibody 
4F4. H. Staining pattern of antibody 4F4 on a nuclear matrix preparation. l,J. Immuno­
blotting and immunofluorescence reaction of antibody 2·73. K,L. Immuno(histo)-
chemical reactions of the human autoantibody Z3. M,N. Immuno(histo)chemical 
reactions of the anti-nucleolar antibody T5. 
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the positioning of the nucleus (Virtanen, Kurkinen & Letho, 1979; Virtanen, Vartio 
& Letho, 1982). The major protein components occurring exclusively in the nuclear 
matrix fraction are represented by a cluster of basic polypeptides migrating in the 
65-72х10 3Л/
г
 region. Also, Kaufmann & Shaper (1984) have found that the 
intranuclear material of their nuclear matrix preparations of rat liver cells contain a 
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Fig. 9. Autoradiograph and schematic representation of a two-dimensional separation of 
nuclear matrix proteins containing the immunoblotting data. Next to the components 
summarized in Table 1 actin (a) and cytokeratms 7 and 8 are also indicated. Note that the 
spot indicated as V · is only partly composed of vimentin breakdown product (cf. 
Fig. 8A). 
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senes of basic (pi > 8-0) 60-70X 103Λ/
Γ
 polypeptides, which are not recognized by 
anti-lamin antisera. It is likely that these proteins correspond to the cluster of 
polypeptides seen in our two-dimensional gels (Fig 7). This unidentified set of 
proteins do not react with any of the antisera used in this study. The typical and 
extremely reproducible two-dimensional gel pattern of this protein cluster showing 
about 15—17 discrete spots suggests that some of these proteins are the result of post-
translational modifications. 
In this study we find that some of the hnRNA-associated core proteins are still 
found to be present in nuclear matrix preparations (Fig. 3). Dreyfuss, Choi & Adam 
(1984) showed that the 39ХІ03 and 41Xl0 3 M
r
 proteins (C proteins) are removed 
quantitatively from the nuclear matrix at 0-5M-NaCl after digestion with RNase. 
Using the same sequence of extraction steps we were, however, unable to remove 
these С proteins completely from the nuclear matrix. 
Small nuclear RNAs (snRNAs) have been described to be integral components of 
hnRNP particles (Busch, Reddy, Rothblum & Choi, 1982). One of these snRNAs, 
ι e Ul-RNA, is known to be involved in pre-mRNA splicing (Kramer, Keller, 
Appel & Lu h r mann, 1984) and its associated proteins are found in the nuclear matrix 
fraction. It has recently been suggested that the 7 0 x l 0 3 M
r
 snRNP, recognized by 
the monoclonal antibody 2-73 used in this study, might be involved in binding of U1 -
RNP to the nuclear matrix, since it is not released by incubation with RNase or 
DNase of nuclei or nuclear matrices, as are the other Ul-RNA-associated proteins 
(Manman & van Venrooij, 1985). This could indicate that the 7 0 x l 0 3 M
r
 protein 
interacts directly with components of the nuclear matrix or is an integral part of it. 
Our immunofluorescence and immunoblotting data support this assumption. The 
monoclonal anti-70x 103M
r
 serum shows a dot-like distribution of the 70Xl0 3 M
r 
antigens in the nuclear matrix. Also, in immunoblots of the matrix preparations we 
could demonstrate the presence of this 70x 103M
r
 polypeptide, which, however, was 
not found in the autoradiographs. This can be explained by the finding of Billings & 
Hoch (1984) that this polypeptide has a very slow rate of incorporation of [ 3 5 S ] -
methiomne, and can be detected only in Coomassie-Blue-stained gels. 
In summary, we point out that a combination of two-dimensional gel 
electrophoretic and immunoblotting techniques with well-defined antisera permits 
the characterization of nuclear matrix components. These protein constituents of the 
intranuclear mass may be difficult to study by other techniques because of their 
highly insoluble character. Future studies using immunoelectron microscopy, in 
combination with antisera such as described here, may provide valuable information 
about the localization and interrelationship of nuclear matrix proteins. 
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SUMMARY 
Karlicr studies suggested that the 70K (70x 10 Л/
г
) polypeptide is a nuclear matrix (associated) 
protein since it is the only Ul RNP-associated antigen that is not released from the nucleus after 
treatment of the cell with, successively, detergents, DNase I and/or RNase A and high salt. The 
possibiliU that the 70K protein functions in the binding of Ul RNP to the nuclear matrix is now 
further substantiated by the finding that Ul RNP particles that did or did not contain the 70K 
protein could be isolated, depending on the method of isolation. When Ul RNP particles were 
obtained by means of sonic disruption of the nucleus they contained the 70K polypeptide, whereas 
pari к Ics that were isolated by extraction at room temperature and a slightly alkaline pi I lacked the 
70K prolein but contained the intact Ul RNA and the other Ul RNA-associated proteins. 
During interphase the localization of the 70K protein is restricted to the nucleus, giving a dot-
like distribution pattern with exclusion of the nucleoli. During prophase to late anaphase the 
protein is dispersed throughout the entire cytoplasm with the exception of the chromatin regions. 
Immunofluorescence studies, using a monoclonal anti-70K antibody in combination with human 
autoiniiminc sera that react with Ul RNA-associated proteins, demonstrate that the 70K protein is 
localized m those areas of the cell where other U RNP proteins occur, also during mitosis. 
Topoisomerasc 1 and nuclear lamins, t) pical nuclear matrix proteins, show completely different 
distribution patterns m all phases of the cell cycle. 
AsscmbK of the nuclear envelope is attended by the re-formation of the clustered appearance of 
the 70K antigen. These results suggest that, although associated with the nuclear matrix fraction in 
interphase cells, the 70K protein remains associated with the Ul RNP particles during cell 
diMsion. 
INTRODUCTION 
T h e small nuclear ribonucleoprotein (snRNP) particles U l to U 6 are present in 
nuclei of all eukaryotic cells (reviewed by Reddy & Busch, 1983; Brunei et al. 1985). 
In interphase cells the U l , U 2 , U4, US and U6 ( U 1 - U 6 ) RNP particles are mainly 
located in the nucleoplasm, whereas U3 RNP can only be detected in nucleoli. 
Evidence has been provided that U l , U 2 and probably other s n R N P s as well are 
essential components m the processing of m R N A (Kramerei al. 1984; Black et al. 
1985; Chabot et al. 1985; Kramer & Maniatis, 1985). During this process the U l 
* Author for correspondence. 
Key words' Ul RNP, nuclear matrix, monoclonal antibodies, autoantibodies. 
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RN Ρ particle is involved in the recognition of the 5' splice sites of pre-mRNA 
(Kramer et al. 1984). 
T o date, Ul RNP particles are known to contain at least nine different protein 
constituents, namely the 7ÜK protein (70ХІ03Л/
Г
) and proteins A (32x Ю'Л/,), 
В' (28Х103Л/
Г
), В (27Х103Л/
Г
), С (2ІХІ03Л/
Г
), D (16Χ103Λ/
Γ
), E (13х103Л/
г
), 
F (12ХІ03Л/
Г
) and G ( l lx lO^M,) (Billings & Hoch, 1984; Pettersson et al. 1984; 
Brunei et al. 1985). Polypeptides 70K, A and С are unique to the U l RNP particle 
(Billings & Hoch, 1984; Pettersson et al. 1984; Habetseí al. 1985), while proteins 
В', В, D, E, F and G are also associated with the other U snRNAs. Several of these 
proteins are recognized by autoantibodies from patients with connective tissue 
diseases (Lcrner & Steitz, 1981; Tan, 1982). 
It has been suggested that the 70K protein might be involved in binding of Ul 
RNP to the nuclear matrix, since a substantial part of it is not released from this 
nuclear substructure by incubation of nuclei with RNase or DNase. Other U l RNA-
associated proteins, especially A and C, are readily extracted under these circum­
stances (Mariman & van Venrooij, 1985; Habets et al. 1985; Verheijen et al. 19866). 
This indicates that the 70K protein interacts directly with components of the nuclear 
matrix or is an integral part of it. 
In order to understand better the function of the various Ul RNP constituents and 
their possible interaction with the nuclear matrix we have examined the subcellular 
localization of these components in both interphase and mitotic cells. For this 
purpose we have used human autoimmune sera, specifically recognizing U snRNA-
associated proteins and topoisomerase I, respectively, in combination with mono­
clonal antibodies to lamins (Burke et al. 1983) and the 70K protein (Billings et al. 
1982). 
Furthermore, we have isolated Ul RNP particles from HeLa cells and found that 
such particles may or may not contain the 70K polypeptide depending on the 
isolation conditions used. 
MATERIALS AND METHODS 
Antibodies 
The hybrid cell lines 2.73 (anti-70K) and 7.13 (anti-D) were provided by Dr S. Hoch (La Jolla, 
Ca) and have been described (Billings et ni 1982, 1985). The hybrid cell line 41CC4 (anti-lamins) 
was a kind gift from Dr G. Warren (Heidelberg) and has also been described (Burke et al. 1983). 
The human sera GIS (anti-Ul RNP), 1111 (anti-Sm) and Z3 (van Venrooij et al. 1985; anti-
topoisomcrasc I, Shero et al. 1986) were obtained from patients with systemic autoimmune 
diseases. 
Cell culttire 
Tissue culture media and calf sera were purchased from Flow Laboratories Ltd, Irvine, 
Scotland. 
The cells used in this study were: HeLa S3 (human cervix carcinoma), MR65 (human 
pulmonary squamous cell carcinoma), T24 (human bladder transitional cell carcinoma), ВПК 
(baby hamster kidney), a bovine lens cell culture and cultured human fibroblasts. All cells were 
grown on glass slides or coverslips in Eagle's modified Minimum Essential Medium supplemented 
with 10% newborn calf serum. 
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llcba S3 cells were also grown in suspension at densities ranging from 0 5X ΙΟ6 to IO6 cells ml - ' 
on Suspension Minimal Essential Medium supplemented with 10% newborn calf serum and 
1 5 g l ' lactalbuinin hydrolysate 
Immunofluoi escence 
Cells grown in monolayer on glass slides or coverslips were rinsed with phosphate-buffered saline 
(PBS) and fixed by dipping in cold methanol (—20°C) and thereafter in acetone at room 
temperature (3 times S s) The cells could then be stored at -20°C for several days 
f he single antibody indirect immunofluorescence technique was performed essentially as 
described by Ramaekersff at (1983) 
For triple labelling the procedure was as follows the fixed cells were air dried and incubated 
for 30 mm at room temperature successively with (1) human autoantibody (dilution 1 50), 
(2) undiluted culture supernatant of the mouse monoclonal antibody, (3) Texas Red conjugated 
shctp anti mouse (Tabjz Ig (immunoglobulin, NFN, Dreieich, FRG, dilution 1 50), and (4) 
FI ГС conjugated goat anti human Ig (heavy and light chains, Nordic, Tilburg, The Netherlands, 
dilution 1 50) Fach step was followed by a washing procedure in PBS containing 0 5% Triton 
X 100 (3 times 15s) ЛИ serum dilutions were made in PBS DNA was then stained by incubating 
the cells for ISmin with Hoechst 33258 ( O ^ g m l - 1 in 22тм citric acid, 56тм disodium 
hydrogen phosphate) After washing with PBS the cells were mounted in Gelvatol (Monsanto, 
St Louis, Missouri, USA) containing lOOmgrnl-1 1,4 diazobicyclo [2,2,2] octane (DABCO, 
Janssen Pharmaccutica, Bcerse, Belgium) and viewed with a Leitz Dialux 20 EB microscope 
equipped with epifluorescent illumination Pictures were taken on Τη X film (Kodak) with an 
autoniatiL camera using an ASA setting of 400 
Controls were processed as described above and included (1) conjugated second antibody used 
without first antibodies, (2) mouse monoclonal antibodies were used with FITC-conjugated goat 
anti human Ig as second antibody, and (3) human autoantibodies with Texas Red-conjugated 
sheep anti mouse (ГаЬЬ Ig as second antibody These control experiments showed that no 
interspecies cross reactivity occurred with the second antibodies 
Isolation of Ul fiNP particles 
All chemicals were of analytical grade Buffers were boiled in the presence of 0 02% diethyl-
p\rocarbonate and then autoclaved Fach solution was supplemented with 0 5 mM-phcnylmethyl-
sulphonyl chloride (PMSC) to reduce proteolytic degradation 1 his agent was added from a freshly 
prepared stock Centrifugation steps were carried out for 5 mm at 800^ and 2CC If not indicated 
otherwise the procedures used for the isolation of Ul particles were carried out at 0-4oC 
IleLa S3 cells in susjiension were harvested on frozen NKM buffer (130mM-NaCl, 5mM-KCI, 
1 5 т м MgClz), pelleted by centrifugation, washed twice with isotonic NKM solution and pelleted 
again Subsequently, the cell pellet was resuspended in reticulocyte suspension buffer (RSB 7 4) 
(10 т м 1 ns acetate, pH 7 4, 10 т м NaCl, 1 5 т м MgCy and after adjustment to 0 5 % (v/v) 
Noiudct P40 (f luka, Buchs, Switzerland) the suspension (Зх 107 cells ml - 1) was placed on ice for 
10 mm, with occasional stirring 
From this step on we used two different methods to obtain the Ul RNP particles First, the 
'intubation procedure as described by Wilk et al (1985) This procedure is based on the endo-
nuclcolylic degradation of large hnRNP structures at 220C and pH 8 0 Second, the 'somcation 
procedure' in which RNP complexes were released by some disruption of the nuclei on ice at 
pII7 4 
ІпснЬяІюп pimeduie The nuclei were washed twice with RSB 7 0 (RSB adjusted to pH 7 0), 
once with RSB 8 0 (RSB adjusted to pH8 0) and finally extracted twice in 1 5 ml RSB 8 0 
(2x 10е nuclei ml - 1) for 30min at 220C, with constant stirring 
Somcation ptvceduie The nuclei were washed twice with RSB 7 4 and resuspended in 3 ml 
RSB 7 4 (1 x 108 nuclei ml - 1) in the presence of 1 μΐ silicon antifoam emulsion (J Τ Baker 
Chtmicils) The nuclei were sonicated three times (1 mm) on ice with a Branson somfier, model 
В 30 (Branson Instr Ine , Connecticut, USA) at level 5 
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'I he suspension of sonicated nuclei as well as the combined extracts obtained from the incubation 
procedure was ccntrifuged at 16 000 ¿for ISmin 'I he supcrnatants were layered on l5%to13 5% 
(w/w) glycerol gradients in KSB, 7 4, and ccntrifuged in a Beekman SW 40 1 rotor at 
24000rev nun"' for Ifjh Absorption was contimiouslj monitored using a Gilford photometer at 
260 nm I he gradients were collected in 0 7-ml fractions, which were used for the determination of 
protein and UNA content 
ΛΥ/1 annh sis 
Imuudialtk after fractionation of the gradients, RNA was isolated from the various fractions 
(\an I ckelen &. \an Vcnrooi], 1981), precipitated overnight at -20 o C by adding Zvol of ethanol, 
0 1 vol 1 M sodium acetate, pi I 5 0, and lOj/g yeast tRNA carrier and collected by ccntrifugation 
at 16000£ for 20inni at -20°C The pellets were dissolved in 5 x SSC (standard saline citrate 
150 IHM Nat I, 15 niM-trisodium citrate) containing 7 5% (v/v) formaldehyde, healed for 10 mm 
at 65 °C, chilled in ice and placed on nitrocellulose filters (Schleicher & Schucll membrane filters, 
ΒΛ 85, Dassel, I KG) 'I he blots were rinsed with 5xSSC, dried, and heated at 80°C for 2h under 
vanium 
Prchvliridi7alion was performed for 2h at 42°C in 50% (v/v) formamide, 5 X SSC, 5 x 
Dcnh.irdt's solution (0 1% (vv/v) I icoll-400, 0 1% (w/v) bovine serum albumin, 0 1% (vv/v) 
polvvinvlpvrri>1idonc-400), 5 IHM HD ΓΑ, 50mM-sodium phosphate, pH6 8, and complemented 
with 250/(g ml - 1 denatured herring sperm DNA 
llvliridi7ation was carried out for 16h at 42°C in 50% (v/v) formamide, 5 x SSC, IX 
Duihardts solution, 5гпМ-ШТА, 20mM sodium phosphate, pH6 8, lOO/igml"1 denatured 
Inning sperm DNA and 2x lO'clsmin"1 of the nick translated plasmid probe pUl 2 ([nr-12P]· 
A l l ' \iiicrsliam, UK, + 4000 Ci mmol - 1) This probe contains a Sac\ fragment from the Adone 
pUl-6 (Monsicin ti al 1983) and carries the complete Ul RNA complementary sequence 
After hybridi/ation the dot-blots were washed once with the hybridization bufferai 4242 for 1 h 
and twin unii 2xSSC, 0 1 % sodium dodecyl sulphate (SDS) for 15min at 42°C Then the blots 
w i n dried and uscii for autoradiography with Kodak XAR 5 film, using intensifying screens 
RN \s isolated from the gradient fractions were also analysed on 10% polyaenlamide gels 
containing 8 3M urea, 9mM-Tris borate, pi I 8 0, and 2mM EDTA Blotting onto GcncScrecn 
(New I ngland Nuclear, Boston, USA) and hybridization of Ul RNA with the nick-translated 
probe pi'I 2 was performed according to the GencScreen instruction manual, hybridization of 
RNA, method II 
Piolan a nah si s 
I or the chnractcri/almn of the antibodies used in this study by immunoblotting assays total 
nuclear protein fractions (I labels ri al 1983) and purified nuclear matrices (\ crheijcnff al 1986л) 
from I le La cells were used Ί he nuclei or nuclear matrices were dissolved in SDS sample buffer 
(62 SmM-Pris 1ICI, pll 6 8, 2% SDS, 10% glycerol, 5% β mercaptoethanol) and boiled for 
5 mm 
I'loteins ш gradient fractions were precipitated by adding trichloroacetic acid to a final con· 
eenlration of 10% (w/v) Τ he precipitates were pelleted, washed twice with cold acetone, dried 
and dissolved in SDS sample buffer 
SI)S-pi>l\acr\lamidc gel electrophoresis (SDS-PAGE) was performed using the Laemmli 
(1970) buffer svstem 
After SDS PAGI', proteins were transferred overnight onto nitrocellulose (Habctsf/ al 1983), 
dried, and stond at room tcmpcralure Detection of the antigens on the blots was performed 
essenliallv as desiubcd bv llabetsr/ al (1983) As primary antibodies mouse monoclonal anlisera 
were use el next to liuinnn autoimmune sera 1 he human sera were diluted 1 50 in buffer В (0 3 % 
(vv/v) bovine serum ilbumm, 350тм Nad, lOmM I'ris HCl, pII7 6, 1 % (v/v) Triton X-100, 
0 5 % (w/v ) sodium eleoxycholatc, 0 I % (w/v) SDS), whereas the monoclonal antiscra were used 
as culture supernatant diluted with l/6vol of 6 x concentrated buffer В The antibody-antigen 
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complexes ч сге detected with either horseradish peroxidase-conjugated second antibodies or ' 2 ' iI-
labellcd protein \ for the monoclonal antibodies, or 125I-labelled anti-human Ig from sheep (F(ab)2 
fragment) for the human antisera (Ilabels el al 1985) Both >2iI-labelled agents were obtained 
from Amersham, UK 
RESULTS AND DISCUSSION 
Chat at tenzatwn of antibodies 
linmunoblols containing total nuclear proteins or purified nuclear matrix proteins 
from HcLa S3 cells were used for the identification of antigens recognized by the 
various antibodies used in this study (Fig. 1). 
In the total nuclear protein fraction the monoclonal antibodies 2.73 and 7.13 
recognize the 70K and D snRNP polypeptides, respectively. When tested on nuclear 
matrix blots it is evident that a substantial part of the 70K protein is retained in the 
nuclear matrix fraction, while the D protein can only be detected in low amounts in 
this fraction. Similar observations were made earlier by 1 labels et al (1985). 
In total nuclei the human anti-Sm serum H l l reacts with the А, В', В and Ü 
proteins, whereas the human anti-Ul RNP serum GIS reacts predominantly with 
the proteins Л and C. In the nuclear matrix fraction the B' and В proteins are partly 
retained while the A and С proteins are completely lost. 
The finding that the 70K protein apparently is the only Ul RNP-specific antigen 
in the nuclear matrix fraction suggests, in line with earlier findings ( H abets et al 
198 S ; Verheijen et al 1986Ь), that the 70K protein might mediate the binding of U1 
RNP to the nuclear matrix. 
The human scleroderma serum Z3 recognizes an antigen with an apparent 
molecular weight of lOOX 10 Mt. Previously the molecular weight of this antigen was 
estimated to be about 86ХІ0 3 (van Venrooij et al 1985). Shero et al (1986), in 
accordance with Maul et al (1986), recently identified the protein recognized by this 
antibody as topoisomerase I having a molecular weight of lOOXlO3. van Venrooij 
et al. (1985) had already demonstrated this antigen to be a nuclear matrix compo­
nent, since it was not released from HeLa nuclei by nuclease and high-salt treatment. 
The monoclonal antibody 41CC4 recognizes lamins A and C, both in total nuclear 
protein fractions and in nuclear matrix preparations (Burke et al. 1983; Verheijen 
et al 1986я). 
Is the 70Kpioleiìi mi olved in the binding of Ul RNP to the nuclear matnx? 
To obtain further experimental evidence for a possible role of the 7ÜK protein in 
linking Ul RNP to the nuclear matrix, HeLa cell nuclei were subjected to two 
procedures that disrupt the nuclear integrity in completely different ways. 
The isolated nuclei were either incubated at a slightly alkaline pH at room tem-
perature (Wilk et al. 1985) or sonicated. In the first method, based on the original 
Samanna procedure (Samarinaeí al 1968) the large hnRNP polyparticlc structures 
arc clea\cd into 40S hnRNP monoparticles by endogenous ribonuclease activity. 
The sonication procedure releases RNP particles by nuclear disruption. The released 
RNPs were fractionated on glycerol gradients. The sedimentation profiles of both 
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2.73 7.13 41CC4 Z3 G15 H11 
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B -
Fig. 1 liiiiiHinoblot analysis of lleLa total nuclear and nuclear matrix antigens with 
anti-UI RNP, anti-(Ul-U6) RNP, anti-topoisomerase I (topo I) and anti-lamm sera. 
Total nuclear protein blots (lanes 1) and nuclear matrix protein blots (lanes 2) were 
incubated cither with mouse monoclonal antibodies 2.73, 7.13 and 41CC4 or with the 
hiinian autoimmune sera Z3, GIS and 111!. Detection of the antibody-antigen com­
plexes was performed either with horseradish pcroxidase-conjugatcd second antibody 
(in the case of 41CC4), with '"l-labclled protein A (in the case of 2.73 and 7.13) or with 
'^l-labelled anti-human lg from sheep (in the case of Z3, GIS and Mil). For further 
explanation see the text. 
methods showed a major peak with a sedimentation coefficient of approximately 
40 S, indicating that the large hnRNP complexes had been disrupted. 
Screening of gradient fractions for the presence of Ul RNA by the dot-blot 
technique demonstrates that the highest amounts of Ul RNA were detected on top 
of the gradients in fractions 3 to 7 (Fig. 2A,B). This holds true for Ul RNP-
containing gradient fractions isolated by the incubation procedure as well as by 
sonication. Hoth Ul RNP preparations (sedimenting around 17 S) contained intact 
ΙΠ RNA (Fig. 2C) as found by acrylamide gel electrophoresis followed by 
hybridization with the Ul-RNA-specific probe p U l . 2 (Monstein et al. 1983). 
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Protein blots of the Ul RNA-containing fractions were screened with antibody 
2.73 (aiui-7()K) and the human anti-Sm serum Н И . Fig. ЗА shows that the 70K 
protein can only be detected in the Ul RNP-containing fractions that were obtained 
by the sonication procedure (lane 1), while after the incubation procedure (lane 2) no 
7()K protein is seen in the immunoblotting assay. This difference is not due to a 
concentration effect since, when an additional incubation of these blots with serum 
H l l was performed, about the same staining intensities of the А, В', В and D 
proteins in both lanes were seen (Fig. 3B). This indicates that Ul RNPs isolated 
after endonuclease activity contain none, or very low amounts, of the 70K protein. 
The possibility that selective degradation of the 70K protein occurred during 
the incubation procedure was also considered. Two findings argue against this 
possibility. First, in the Ul RNP-containing fraction no degradation products with 
antigenic determinants could be detected, neither with the monoclonal anti-70K 
(Fig. 3) nor with autoimmune anti-70K antibodies (data not shown). Second, in the 
pellet remaining after the extraction the triplet of 70K polypeptides was present in an 
fraction nr 
В 
· · · · 
1 2 8 9 
* · · · * * · · 
• IM 
1 : 8 
1 · 2 
• U I 
Fig. 2. Dot-blot aiitoradiographs containing Ul RNA from gradient fractions obtained 
after: Л, sonic disruption of the nuclei: and B, incubation of nuclei at 22°C and pH 8-0. 
Isolated RNA was placed on nitrocellulose paper, and hybridized with the nick-translated 
probe pU 1.2 containing the complete U1 RNA complementary sequence (Monstein et ai. 
1983). С. Northern blot aiitoradiographs containing Ul RNA from the pooled gradient 
fractions nos 1-5 obtained after: sonic disruption of the nuclei (lane I) ; and incubation 
of nuclei at 22°C and p H 8 0 (lane 2). Isolated RNAs were separated on a 10% 
Polyacrylamid« gel, blotted onto GeneScreen and hybridized with the nick-translated 
probe pU1.2. Note that both preparations contain intact Ul RNA. 
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Fig. 3. Л. Immunochemical identification of the 70K polypeptide with antibody 2.73 on 
protein blots of the Ul RNP-containing gradient fraction no. 4, obtained after: lanes 1, 
sonic disruption of the nuclei; and lanes 2, incubation of nuclei at 220C and pH80. 
B. The same blots as shown in Fig. ЗА after re-incubation with the anti-Sm serum Η11, 
showing the additional staining of А, В', В and D proteins. 
apparently undegradated form, and no degradation products could be observed 
(unpublished data). 
These results demonstrate that the 70K protein can be obtained in association with 
the 'free' Ul RNP particle when the nuclear matrix structure is disrupted. Endo-
nucleolytic degradation of nuclei, however, shows that intact Ul RNA that is not 
complexed with this 70K protein can be isolated. One of the many possible ex­
planations for this phenomenon could be that (hn)RNA is involved in the binding of 
the 7ÜK protein to the Ul RNP particle. 
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It should be noted here that the high resolution of this gel permits the recognition 
of the 70K protein as a triplet (previously described by Habets et al. 1985 and 
Verheijen et al. 1986α). It is not known if this triplet is a result of distinct proteolytic 
degradation or of post-translational modifications. 
Λ further analysis of the RNA and protein composition of the gradient fractions 
will be published elsewhere. 
Distribution of the 70Kprotein during interphase and in mitotic cells 
Immunofluorescence studies with the monoclonal antibody 2.73 in various cell 
cultures (Fig. 4) show similar distribution patterns of the 70K protein in human cells 
as well as in non-human cells. Also when comparing cells of epithelial origin and 
cells of non-epithelial origin similar distribution patterns are seen. In all interphase 
cells the 70K antigen is almost exclusively located in the nucleus, exhibiting a 
speckled pattern with exclusion of the nucleoli. As discussed by Ringertz et al. 
(1986) the nuclear speckles seen with Sm and RNP antibodies probably represent 
transcriptionally active nuclear domains in which there is an accumulation of snRNP 
complexes because of active processing of RNA polymerase II transcripts. 
Fig. 4. Interphase nuclei of various cell types stained with monoclonal antibody 
2.73, recognizing the III KNA-associated 70K protein. A. MR65 (human pulmonary 
squamoiu cell carcinoma), B, I leba S3 (human cervix carcinoma); C, human fibroblast 
culture; I), T24 (human bladder transitional cell carcinoma); E, bovine lens cell culture; 
1", ВПК cells. X80Ü. 
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HOECHST 2.73 
Fig. S. Distribution of the 70K protein, detected by antibody 2.73 (right panels) during 
the various phases of mitosis in MR65 cells. DNA staining with Hoechst 33258 (left 
panels). A. Prophase; B, metaphase; C, anaphase; D, telophase; E, cytokinesis. X800. 
Note that the dot-like distribution of the 70K protein in interphase cells changes into a 
diffuse cytoplasmic staining during prophase to anaphase. The 70K protein appears not 
to be associated with the chromatin. 
72 
Distribution of 70K Ui liNA-associated protein 183 
For the immunofluorescent visualization and localization of the 70K polypeptide 
during mitosis we have used cell line MR65, human pulmonary squamous cell 
carcinoma cells in culture that remain relatively flat during the mitotic cell cycle and 
have large nuclei. The localization of the 70K protein in these cells during different 
phases of mitosis is shown in Fig. S. During prophase to late anaphase the dot-like 
staining pattern of the 70K protein is almost completely lost. The protein seems to be 
dispersed throughout the entire cytoplasm of the cells, but in all mitotic stages the 
polypeptide appears not to be associated with the condensed chromosomes. In late 
anaphase/telophase the speckled 70K pattern is regenerated. These fluorescence 
patterns suggest that no direct interaction of the 70K protein and the DNA exists, at 
least not in mitotic cells. 
Using the triple-labelling immunofluorescence technique we were able to monitor 
simultaneously the expression and distribution of two different antigens in these 
cells, in particular mitotic phases. In doing so we have studied the relation of the 
70K protein with: (1) other Ul RNP-specific proteins; (2) other (U1-U6)RNP-
HOECHST G15 2.73 
Fig. 6. Comparison of the staining patterns of the anti-Ul RNP serum G15 (middle 
panels) and antibody 2.73 (right panels) in MR65 cells, also stained with Hoechst 33258 
(left panels), demonstrating that these two sera recognizing Ul RNP proteins give similar 
staining patterns in both interphase and mitotic cells. X800. 
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HOECHST H11 7.13 
Fiß. 7. Triple-labelling in MR65 cells with Hoechst 33258 (left panels) and: A, the 
human anti-Sm scrum Hl l (middle panels) and the monoclonal antibody 7.13 rec-
ognizing the D-protcin (right panels). x80Ü. В. The anti-Ul RNP serum G15 (middle 
panels) and 7.13 (right panels). X8I)0. C. Serum II11 (middle panels) and the 
nionoclonal anti-70K 2.73 (right panels). X80Ü. The micrographs show identical or 
similar staining patterns with all these antisera. 
associated proteins; and (3) the nuclear matrix protein topoisomerase I. We have also 
investigated the distribution of the U snRNPs in relation to the nuclear lamins. 
70K versus other Ul liNP pioleins 
As stated before, the anti-Ul RNP serum G15 reacts with the A and С proteins, 
whereas the monoclonal antibody 2.73 recognizes only the 7()K antigen. Since these 
antigens arc all U 1 RNP-specific proteins one can anticipate that triple-labelling with 
these antibodies should result in similar staining patterns, at least in interphase cells. 
Fig. ύ demonstrates these staining reactions. As expected, the 70K, A and С proteins 
appear to coiocalize in dot-like structures within the nucleus. Localization of the 70K 
protein in the same areas as the other Ul RNP-specific proteins was also found in 
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mitotic ceils. This result suggests that also during mitosis the 70K protein is 
complexed with the Ul RNP particle as found earlier by Reutere/ al. (1985). 
70/4' versus (U1-U6) liNP proteins 
Serum II11 was used to study the correlation between the 70K protein and other 
(U1-U6) RNP constituents. The anti-Sm serum H l l and the monoclonal antibody 
7.13 both react with (U1-U6) RNP particles, as they both recognize the D protein. 
Fig. 7Λ shows similar staining patterns of HI 1 and 7.13. Also GIS and 2.73 (Fig. 6) 
and G15 and 7.13 (Fig. 7B) recognize antigens that colocalize. Consequently, H l l 
and 2.73 should show a comparable fluorescence distribution in both mitotic and 
interphase cells (Fig. 7C). Although the similar fluorescence patterns of these 
different antibodies might suggest that various U snRNP particles are complexed 
with each other (see also Reutere/ al. 1985; Spector & Smith, 1986), the data should 
be interpreted with great care. Since U l and U2 RNP are the most abundant 
amongst the U snRNPs, the methods used will most probably not permit a separate 
detection of U 4 - U 6 snRNP as a result of their low concentration. However, as far as 
HOECHST Z3 2.73 
Fig. 8. 'Iriplc-labcllniR in MRf)5 cells with Hoechst 33258 (left panels), the anti-
tdpoiMmierase I scrum Z3 (middle panels) and antibody 2.73 (right panels). X800. Note 
that the staining patterns of topoisomerase I and 70K are almost complementary. 
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the resolution of tiie fluorescence method allows it appears that at least part of the U1 
RNP, U2 RNP and the 70K protein is colocalized during interphase and mitosis. 
Such a localization of Ul and U2 RNP during interphase is not surprising as they 
both participate in the processing of mRNA (Kramer et al. 1984; Black et al. 1985 ; 
Krainer & Maniatis, 1985), most likely as components of the spliceosome. It is 
HOECHST G15/H11 41CC4 
C9A 
interphase 
prophase 
metaphase 
anaphase 
telophase I 
Fig. 9. Triple-labelling in MR65 cells at the various stages of mitosis with Hoechst 33258 
(left panels), anti-Ul RNP serum G15 (middle panels, Λ and B), and the anti-Sm serum 
III 1 (midle panels, C-Η) and anti-lamin antibody 41CC4 (right panels). X800. 
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interesting, however, that also during mitosis the association of Ul RNP, U2 RNP 
and the 7()K seems to be maintained. 
70K versus topoisomerase I 
During interphase, topoisomerase I and the 70K protein are both located in the 
nucleus, hut their fluorescence patterns are different. The scleroderma serum Z3, 
recognizing topoisomerase I, stains the whole nucleus diffusely with a very strong 
reaction in the nucleoli (Fig. 8). From biochemical studies it has been concluded that 
topoisomerase I is a constituent of the nuclear matrix (van Venrooij et al. 1985). 
During the various stages of mitosis antisera Z3 and 2.73 show diffuse but almost 
complementary staining patterns. Topoisomerase I appears to be associated with the 
condensed chromosomes, while the 7()K protein is not observed in this region. This 
demonstrates that the 70K protein and topoisomerase I do not exhibit the same 
structural organization during mitosis. These data fully support those described 
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above in showing that in mitotic cells the 7ÜK-U1 RNP complex is excluded from 
the chromatm-contaimng structure 
U snRNI's versus nuclear lamms 
The formation and degradation of the nuclear membrane during mitosis can be 
monitored with the monoclonal antibody 41CC4, directed against the nuclear lamín 
polypeptides A and С Fig. 9A shows the staining patterns of the U snRNP 
complexes and the lamms in interphase cells as detected by triple-labelling ex­
periments with the sera GIS or H l l and 41CC4, respectively. When the cells enter 
prophase (Fig 9B) the chromosomes become condensed and the nuclear lamina 
disappears In this phase of the cell cycle the lamins stain diffusely while the speckled 
U snRNP distribution has become less dense During metaphase (Fig. 9C) and 
anaphase (Fig 9D) the U snRNPs as well as the lamins are found throughout the 
entire cytoplasm with exclusion of the chromatin 
During progression of telophase (Fig 9E,F ) G) the nuclear lamina is restored. Re­
formation of the discrete speckled snRNP pattern in the newly formed nucleus of 
each daughter cell seems strongly correlated with the assembly of the nuclear lamina 
At cytokinesis (Fig. 9H) the initial situation is reached again. T h e pictures shown in 
Fig 9 E - H suggest a certain sequence of events with respect to re-formation of the 
nucleus during telophase and cytokinesis It appears that 70K-U1 RNP aggregation 
into discrete nuclear protein clusters has already been completed before each group 
of daughter chromatids is surrounded by a new nuclear envelope (compare Figs 5 
and 9) 
Conclmtam 
In summary our studies suggest that: (1) the 70K protein may function in binding 
Ul RNP particles to the nuclear matrix (2) During mitosis the 7ÜK protein is 
dispersed throughout the cytoplasm still associated with other Ul RNP poly-
peptides, probably as an intact RNP particle (3) Re-aggregation of the 70К-1Л 
RNP complex at telophase into discrete nuclear protein clusters appears to be 
accomplished before the formation of a new nuclear envelope is completed. 
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CHAPTER 4 
Ki-67 DETECTS A NUCLEAR MATRIX-ASSOCIATED PROLIFERATION-REUTED 
ANTIGEN 
I. Species distribution and intracellular localization 
during interphase 
R.Verheijen, H.J.H.Kuljpers, R.O.Schlingeman, A.L.N.Boehmer, 
R.van Driel, G.J.Brakenhoff and F.C.S.Ramaekers. 
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Mislukte experimenten zijn voor elke wetenschapper noodzakelijke ervaringen. 
Volwassenen mogen een kind geen ballon weigeren omdat ze weten dat hij vroeg o£ 
laat zal knappen. 
Ki-67 DETECTS A NUCLEAR HATRIX-ASSOCIATED PROLIFERATION-RELATED 
ANTIGEN 
I. Species distribution and intracellular localization 
during interphase 
R.Verheijen, H.J.H.Kuijpers, R.O.Schlingemann, A.L.H.Boehmer, 
R.van Oriel, G.J.Brakenhoff and F.C.S.Ramaekers 
ABSTRACT 
Ki-67 is a commercially available mouse monoclonal antibody vhich reacts vith a 
nuclear antigen in proliferating cells. The antibody can be used to determine 
the grovth fraction of human tumors in situ and has been shovn to be of 
prognostic importance. 
In this study it is shovn that in interphase cells Ki-67 reacts vith an antigen, 
mainly present in the nucleoli. Confocal scanning laser microscopy and 
immunoelectron microscopy on human MR65 monolayer cells revealed that this 
nucleolar antigen is predominantly localized in the nucleolar cortex and in the 
dense fibrillar components. 
The Ki-67 antigen appeared to be preserved in nuclear matrix preparations 
obtained after in situ fractionation of MR65 cells. 
Despite many efforts, ve could not identify the antigen in immunoblotting or 
immunoprecipitatlon assays. 
The species specificity of Ki-67 on tissue sections vas studied vith an 
immunoperoxidase staining technique. Ve found a positive staining reaction in 
proliferating cells from various species such as Rhesus monkey, cov, sheep, dog 
and rabbit. In some basal cell layers of squamous epithelia the cytoplasm of 
the proliferaing cells turned out to be positive as veil. These findings vere 
similar to results obtained vith human tissues. 
In contrast, testing cell cultures of different species by means of indirect 
immunofluorescence ve observed that the antibody reacted only vith human cells 
and vith the Rhesus monkey kidney derived cell line LLC-MK2. 
INTRODUCTION 
In 1983 Gerdes and co-vorkers described the production of a mouse monoclonal 
antibody, Ki-67, vhich recognized a nuclear antigen expressed'in proliferating 
cells, but not in resting cells. Ki-67 vas obtained from a fusion of mouse 
myelomas vith lymphocytes from a mouse injected vith crude nuclear fractions of 
L428 cells, a Hodgkin's disease-derived cell line (Gerdes et al.1983). It vas 
found that normal peripheral blood lymphocytes vere negative for Ki-67, vhile 
stimulation of these cells vith phytohaemagglutinin (FHA) resulted in a positive 
nuclear reaction pattern. On the contrary, vhen HL-60 cells (acute 
promyelocytic leukaemia) vere stimulated to differentiate into mature resting 
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macrophages by treatment with the phorbol ester TPA, the Ki-67 antigen 
expression disappeared. 
A more detailed analysis of the cell cycle performed by Gerdes et al.(1984a) 
revealed that expression of this antigen is consistently detectable throughout 
the S, G2 and H phase of continuously cycling cells and not in Go cells. 
However, the results concerning antigen expression in Gl phase varied. In these 
early studies it was also noted that Ki-67 reacted with an antigen associated 
with chromosomes (Gerdes et al.1984a). Expression of the Ki-67 antigen could 
not be demonstrated in peripheral blood leukocytes during the early events of 
PHA triggered transition from Go to Gl, whereas continuously cycling cells were 
permanently positive in Gl phase. These observations led to the conclusion that 
Ki-67 could be a useful tool in determining the growth fraction of a given human 
cell population and especially in assessing the proportion of proliferating 
cells in immunostained tissue sections of neoplasms (Gerdes et al.1983, 1984a). 
This latter aspect has been explicitly examined for non-Hodgkin's lymphomas 
(Gerdes et al.1984b), the colonic epithelium in ulcerative colitis (Franklin et 
al.1985), and for tumors of breast (Gerdes et al.1986; Barnard et al.1987; 
Franklin et al.1987), lung (Gatter et al.1986) and brain (Giangaspero et 
al.1987). Barnard et al.(1987) have determined a Ki-67 score (positive 
cells/total tumor cells) for a number of primary breast carcinomas and 
investigated the possible relationship between this proliferative index and a 
number of clinical and pathological parameters. These investigators concluded 
that the Ki-67 score may prove to be an objective indicator of biological 
behaviour of breast carcinomas and thus may be of clinical significance. Ki-67 
has also shown to be of great value in assessing the proliferative capacities of 
the lymphoid cells in cutaneous infiltrates (Ralfkiaer et al.1986) and in 
determining the growth fraction of tumor cells in tissues affected by Hodgkin's 
disease (Gerdes et al.1987). 
Recently, Schwarting et al.(1986) have shown that the growth fraction of cell 
suspensions labeled with Ki-67 can be determined flow cytometrically. 
Furthermore, Franklin et al.(1987) have shown the usefulness of an image 
analysis system to quantitate the Immunoperoxidase Ki-67 labeling in tissue 
sections of breast carcinomas. 
In summary, the estimation of the Ki-67 positive cell fraction of tumors is 
being introduced more and more into routine pathology and in future may have 
important prognostic and therapeutic implications. 
On the other hand, virtually nothing is known about the nature and biochemical 
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characteristics of the antigen recognized by Ki-67. The present study was 
performed to examine the intracellular localization and the species distribution 
of the Ki-67 antigen. In this respect it is shown that during interphase the 
strongest immunohistochemical staining reactions with Ki-67 are obtained in the 
nucleoli and that the antigen is preserved in nuclear matrix preparations of 
MR65 cells. 
Furthermore, our results indicate that the antigen is not restricted to human 
cells and tissues, but that positive staining reactions can also be obtained in 
other species. 
MATERIALS AND METHODS 
Antibodies 
Monoclonal antibody Ki-67 (IgGl; trade-name DAKO-PC, code no. M722) was 
purchased from DAKOpatts (Glostrup, Denmark) as tissue culture supernatant which 
had been dialysed against 0.05M Tris-HCl pH7.2 and 15mM Na-azide. 
Ascites fluid obtained after intraperitoneal injection of Ki-67 hybridoma cells 
in BALB/c mice was kindly provided by Dr J. Gerdes (Borstel, FRG). 
Other monoclonal antibodies used in this study included 2.73, 41CCA and RKSE 60. 
Antibody 2.73, directed against the 70K Ul RNA-associated protein was provided 
by Dr S. Hoch (La Jolla, USA) and has been described (Billings et al.1982, 
Verheijen et al.1986a,b). Antibody 41CC4, directed against the nuclear lamins 
was a kind gift from Dr G. Varren (Heidelberg, FRG) and has also been 
documented (Burke et al.1983, Verheijen et al.1986a,b). RKSE 60 is an antibody 
directed against cytokeratin 10 (Ramaekers et al.1983). Since this protein is 
not expressed in MR65 cells, RKSE 60 was used as a negative control antibody in 
these cells. 
Cell cultures 
Tissue culture media and calf sera were purchased from Flow Laboratories Ltd, 
Irvine, United Kingdom. 
Monolayer cells were grown on coverslips in Eagle's modified Minimum Essential 
Medium supplemented with 10% newborn calf serum until about 50% confluency was 
reached. 
These included: HeLa S3 (human cervix carcinoma), MR65 (human lung carcinoma; 
Broers et al.1987), T2A (human bladder transitional cell carcinoma), HEp-2 
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(human epidermoid larynx carcinoma), CloII (human melanoma cell culture), 
cultured human fibroblasts, PtK2 (Potorous tridactylus kidney), BHK-21 (baby 
Syrian hamster kidney cells), VERO (African green monkey kidney cells), LLC-MK2 
derivative (Rhesus monkey kidney cells), a primary culture of dog endothelial 
cells, a hamster lens cell culture (Bloemendal et al.1980) and a bovine lens 
cell culture (Ramaekers et al.1980). 
MOLT-4 (human acute Τ lymphoblastic leukemia) and SP2/0-Agl4 (mouse myeloma) 
cells vere grovn in suspension at 37"C at densities of approximately 0.3x10 
cells/ml in RPMI 1640 (Dutch modification) supplemented vith 15% fetal calf 
serum. Drosophila melanogaster mei-218 cells vere cultured at 25"C at about 75X 
confluency in Schneider's Drosophila medium (Gibco, U.K.) supplemented vith 15X 
heat inactivated fetal calf serum. 
Tissue samples 
Normal tissues vere collected from man, Rhesus monkey, cov, sheep, dog, cat and 
rabbit (see Table 2). Small pieces vere frozen in liquid nitrogen, and 5-7um 
thick sections vere cut on a cryostat. These sections vere stained using the 
immunoperoxidase technique. 
Also a malignant tumor VX-2 originating from rabbit and transplanted in rabbits 
(Hough et al.1977) vas tested for its reaction vith K.i-67. 
Immunohistochemical staining procedures 
The indirect immunofluorescence assay vas performed essentially as described by 
Verheijen et al.(1986b). Culture supernatant of the mouse monoclonal antibody 
Ki-67 vas used in a 1:25 v/v dilution. As second antibody FITC-conjugated 
rabbit anti-mouse IgG (heavy and light chains; Nordic, Tilburg, The Netherlands) 
vas used in a 1:25 v/v dilution. All dilutions vere made in phosphate buffered 
saline (PBS). DNA vas then stained by incubating the cells for 15 min vith 
Hoechst 33258 (0.Ipg/ml in 22mM citric acid, 56mM disodium hydrogen phosphate). 
In the indirect immunoperoxidase technique, 5-7um frozen sections of the various 
tissues vere fixed for 5-10 min in methanol (-20,C), followed by dipping in 
acetone at room temperature (3 times 5 sec). The tissue sections vere air 
dried, Incubated for 30-60 min at room temperature vith culture supernatant of 
Ki-67 (dilution 1:10 v/v) and vashed in PBS (3 times 10 min). Consequently, 
peroxidase-conjugated rabbit anti-mouse Ig (DAKOpatts, Glostrup, Denmark) vas 
applied to the sections for 30 min at room temperature (dilution 1:40 v/v). All 
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dilutions were made in PBS containing 5% human AB serum. 
After washing in PBS (3 times 10 min), peroxidase activity was detected either 
with 3,3'-diaminobenzidine (DAB; Sigma Chemical Co., München, FRG) used at 
75mg/100ml PBS containing lOOmM imidazole or with 3-amino-9-ethylcarbazole (AEC; 
Aldrich Chem. Сотр., USA). For this latter staining procedure 40mg of AEC was 
dissolved in 10ml Ν,Ν-dimethylformamide (Merck, Darmstadt, FRG) and added to 
190ml of a 0.05M sodium acetate buffer pH4.85. In both staining procedures 
hydrogen peroxide was added to a final concentration of 0.01%. After incubation 
for 10 min, the tissue sections were rinsed with tap water, counterstained with 
Harris haematoxylin for 20 sec, again washed with tap water for 5 min and 
mounted in Kaisers glyceringelatin (Merck, Darmstadt, FRG). 
Immunoelectron microscopy 
For immunoelectron microscopy, MR65 cells were grown on Melinex foil (ICI, 
Hertz, UK) until about 75% confluency was reached. The cells were washed in PBS 
and fixed in methanol (-20oC, 5 sec), followed by dipping in acetone at room 
temperature (3 times 5 sec). Consequently, the cells were incubated with 1:20 
v/v diluted culture supernatant of Ki-67 for 60 min at room temperature, washed 
with three changes of PBS for 10 min each, incubated with 1:50 v/v diluted 
peroxidase-conjugated rabbit anti-mouse Ig antibodies (DAKOpatts) and again 
washed in PBS (3 times 10 min). After detection of the peroxidase activity with 
DAB the slides were processed for electron microscopy as described by van Duinen 
et al.(1984). 
In situ preparation of nuclear matrices from MR65 cells 
Cell fractionations were performed in the presence of 0.5mM 
phenylmethylsulphonyl chloride (PMSC) and 5mM N-ethylmaleimide (MalNEt) to 
reduce proteolytic degradation and disulphide bridge formation, respectively. 
These agents were added from freshly prepared stocks. Ribonuclease A (RNase A) 
(Sigma Chemical Co., München, FRG) was pre-incubated for 5 min at lOO'C to 
reduce possible protease activity. 
MR65 cells were grown on coverslips under appropriate culture conditions 
(Verheijen et al.1986b) until about 75% confluency. The entire fractionation 
procedure was carried out under continuous shaking of the slides in six-well 
plates. 
The procedure that we have established for the isolation of nuclear matrices in 
situ, carried out at 0-4"C, was as follows: cells were first washed in PBS for 
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5 min folloved by three washes in NKM buffer (130mM NaCl, 5mM KCl, 1.5mH MgCl,), 
5 min each. Each of the following steps in the procedure was preceded by 
washing the slides twice with reticulocyte suspension buffer (RSB) (ЮтМ NaCl, 
ЮтМ Tris.HCl pH7.A, 1.5mM MgCl,). Subsequently, the slides were subjected to a 
hypertonic buffer (RSB with 0.3M sucrose) and incubated for 10 min after 
addition of 0.05 vol. 10* Triton X-100 in RSB. Thereafter, the slides were 
incubated for 10 min in a freshly prepared mixture of 0.5X sodium deoxycholate 
(D0C)/1,0% Tween-40 in RSB, followed by a nucleic acid digestion for 20 min at 
200C in a mixture of 1 mg/ml deoxyribonuclease I (DNase I) (DPFF quality; Cooper 
Biomedical, Malvern, USA) and 50gg/ml RNase A (Sigma) in RSB110 (HOmM NaCl, 
ЮтМ Tris.HCl pH7.A, 1.5mM MgClj). During this digestion step MalNEt was 
omitted, but immediately after the incubation it was added again to a final 
concentration of 5mM. 
The DNA-depleted nuclei were extracted for 10 min with a high-salt buffer 
containing 0.4M (NH^.SO,, 50mM Tris.HCl pH7.4, 1.5mM MgClj. The obtained 
nuclear matrices were prepared for immunofluorescence microscopy as described 
(Verheijen et al.1986b). 
Analysis of proteins and RNA 
SDS-polyacrylamide gel electrophoresis and immunoblotting were performed as 
described (Verheijen et al.1986a), while analysis of immunoprecipitated proteins 
and RNA using culture supernatant of K.i-67 as well as ascites fluid were done as 
documented by Mimori et al.(19BA). 
Confocal Scanning Laser Microscopy (CSLM) 
The confocal scanning laser microscopy technique has been described in detail by 
Brakenhoff et al.(1985, 1988) and Van der Voort et al.(1988). Usually, 16 
optical sections of 256 χ 256 pixels each were made per three-dimensional image. 
Fluorescein-stalned specimens were excited at 476nm using a krypton ion laser. 
Typical optical resolutions were 0.2ym and O.Bpm, perpendicular and parallel to 
the optical axis, respectively. The signal-to-noise ratio in the images of the 
optical sections was improved by using a two- or three-dimensional median filter 
(Brakenhoff et al.1988, Van der Voort et al.1988). Furthermore, the contrast 
range in each series of sections was optimised with respect to the sensitivity 
of the photographic film. Photographs were taken from a high-resolution monitor 
on Agfapan 25 film. 
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Actinomycin D treatment 
After reaching a confluency of about 50X, various coverslips with MR65 cell 
monolayers were placed in fresh culture medium containing 1.0, 2.5 and 10ug/ml 
actinomycin D (Sharpe and Dohme International, New Jersey, USA), respectively. 
Each culture was permitted to grow for another 1, 2 or 4 hours, whereafter the 
cells were prepared for indirect immunofluorescence. 
RESULTS 
Subcellular localization of the Ki-67 antigen in MR65 cells 
To study the intracellular localization of the Ki-67 antigen in human cells we 
have used MR65, a human lung carcinoma monolayer culture in which the cells 
contain large nuclei and remain relatively flat during mitosis. In such 
cultures the Ki-67 antigen appeared to be exclusively located in the nuclei of 
virtually all individual cells (Fig.l). 
FIGURE 1. Distribution of the Ki-67 antigen in MR65 cells (Al and Bl). DNA 
staining was performed with Hoechst 33258 (right panels A2 and B2). 
Al, A2: x370; B1,B2: x930 
However, a considerable variability of the staining intensities between the 
several interphase cells was observed. Besides a weak staining of the 
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nucleoplasm, the highest fluorescence intensity was found in the nucleoli. The 
nucleoplasmic reactivity was represented by variable numbers of small discrete 
structures, while the nucleolar staining patterns appeared to be very 
heterogeneous. In some cells fluorescence could be seen to be more intense in 
certain regions at the nucleolar periphery (see Fig.l.Bl). The typical staining 
patterns of Ki-67 in mitotic cells will be subject of a prospective report. 
The antibiotic actinomycin D preferentially blocks RNA synthesis, resulting in a 
gradual nucleolar segregation, depending on concentration and exposure-time. In 
order to follow the Ki-67 antigen localization during this segregation process, 
we exposed MR65 cell monolayers for several hours to 1.0, 2.5 and 10ug/ml of the 
drug. The nucleoli appeared to be completely fragmentated after 2 hours at a 
concentration of 2.5ug/ml actinomycin D or after 1 hour at a concentration of 
10ug/ml as concluded from phase-contrast microscopic observations (not shown). 
The micrographs in Fig.2 show the Ki-67 antigen distribution patterns at several 
stages of actinomycin D treatment. As the nucleoli gradually dispersed into a 
great number of small fragments, the distribution of the Ki-67 antigen 
simultaneously changed from a distinct nucleolar localization (Fig.2A, Ihr) via 
a speckled pattern (Fig.2C, Ihr) to a diffuse distribution throughout the entire 
nucleoplasm (Fig.2C, 4hrs). Fig.2B (Ihr) represents the situation in which the 
fibrillar and granular components of the nucleoli have been segregated and in 
which the antigen seems to be associated with one of these two developed 
subcompartments (arrows). 
Confocal scanning laser microscopy (CSLH) was applied to extend our indirect 
immunofluorescence data and to obtain further information about the precise, 
spatial localization of Ki-67 in the nucleolus. Fig.3 shows an optical 
sectioning procedure on two immunolabeled HR65 cells performed with this 
technique (Fig.ЗА). The individual pictures correspond to optical sections all 
0.85um apart. Fig.3A-l represents the section closest to the coverslip on which 
the cells were grown, while Fig.3A-16 represents the section just above the 
cell. Fig.3B represents a stereo image compiled from the data shown in Fig.ЗА. 
These results, in combination with pseudocolour imaging to extend the contrast 
range in the pictures (data not shown) emphasize the heterogeneous distribution 
of the Ki-67 antigen in the nucleolus. The antigen appears to be localized 
predominantly in small areas In the cortex of the nucleoli. Furthermore, most 
of these strong positive areas contain centers with a low fluorescence 
intensity. 
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FIGURE 2. Immunofluorescence micrographs of MR65 cells exposed for 1, 2 and A 
hours to 1.0 (A), 2.5 (B) or lOgg/ml (C) actinomycin D, respectively. 
Micrographs no.l show the Ki-67 fluorescence, while micrographs no.2 represent 
the corresponding DNA staining patterns with Hoechst 33258. x830 
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FIGURE 3. A. Immunofluorescence patterns of MR65 cells, labeled with Ki-67 
after optical sectioning performed with the CSLM technique. Micrograph 1 
represents the section closest to the coverslip and micrograph 16 represents the 
section just above the cell. x535 
B. Stereo image compiled from the optical sections shown in Fig.ЗА. x850 
The results obtained with immunoelectron microscopy on MR65 cells confirmed our 
immunofluorescence data (Fig.4). It can be noticed that the periphery of many 
intersected nucleoli was positive with Ki-67. Also a heterogeneous internal 
nucleolar staining pattern was observed, with some parts stained as strongly as 
the nucleolar rim, while other areas showed a significantly lower staining 
intensity. The nucleolar interstices, the fibrillar centers and the granular 
components seem to be negative, while the structures surrounding the fibrillar 
centres, probably the dense fibrillar components, were strongly stained. 
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In nucleoli of a human stomach adenocarcinoma a similar localization of the 
K.i-67 antigen was seen at the ultrastructural level (Fig.AF). 
After in situ extraction of HR65 cells with Triton X-100, a DOC/Tween mixture, 
DNase I, RNase A and high-salt solution (0.4M ammoniumsulphate), the obtained 
nuclear matrices were essentially negative with Hoechst 3325Θ, consistent with 
the removal of most of the nuclear DNA in these structures (Fig.5E2). When 
comparing the staining patterns of the nuclear matrix (associated) 7OK protein 
and the lamirrs (Verheijen et al. 1986b) in untreated and extracted cells it 
became obvious that these proteins remained present in the nuclear matrix 
preparations (see Figs.SB and C). The Ki-67 antigen remained associated with 
the nucleolar residue under these circumstances (Fig.SA). The micrographs in 
Fig.5 clearly point to structural rearrangements of the various antigens during 
extraction and enzyme treatment procedures. The Ki-67 fluorescence in the 
nuclear matrices appeared to be more accumulated at the nucleolar cortex as 
compared to its staining pattern in untreated cells. 
Species distribution of the Ki-67 antigen 
The species cross-reactivity of the antibody was tested on a series of cell 
cultures of different origins, ranging from man to Drosophila. Firstly, 
epithelial as well as non-epithelial human cells in culture were examined for 
the presence of the Ki-67 antigen (Table 1). In MR65, HEp-2 and Molt-4 (Fig.6C) 
cultures virtually all cells were stained, while the cultures of HeLa S3 
(Fig.SA), T24 (Fig.6B), CloII (Flg.6F) and human fibroblasts (Fig.6D) vere only 
partly positive. 
93 
FIGURE 4. Immunoelectron micrographs of MR65 cells in interphase, stained for 
the Ki-67 antigen using the immunoperoxidase technique. Α-D) staining of MR65 
nucleoli with Ki-67. E) MR65 negative control cells. F) staining pattern in an 
interphase nucleolus of a human stomach adenocarcinoma. Bars: l.Oum. 
In all interphase cells the fluorescence was localized predominantly in the 
nucleoli and in some nucleoplasmic bodies (see Fig.6). The presence of the 
antigen appeared to be not restricted to human cells, as about 605! of the cells 
of the Rhesus monkey kidney-derived cell line LLC-MK2 (Fig.6H) gave a positive 
staining reaction as well (Table 1). In contrast, VERO (African green monkey 
kidney) cells appeared to be completely negative. Although the various positive 
cell types all gave similar staining patterns with Ki-67 as compared to MR65 
cells, a considerable variability of the staining intensities could be observed 
(see also Table 1). The highest fluorescence intensities were found in the 
positive fractions of CloII and LLC-MK2 (Figs.6F and H, respectively). 
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FIGURE 5. Comparison of the immunofluorescence staining patterns in untreated 
MR65 cells (Al-El) and in nuclear matrix-intermediate filament scaffolds of MR65 
cells (A2-E2) with monoclonal antibodies (A) Ki-67, (B) 2.73, directed against 
the Ul RNP-associated 70K protein, (C) 41CC4, directed against the nuclear 
lamins and (D) RKSE 60, directed against cytokeratin 10. (E) DNA staining with 
Hoechst 33258. ХІ035 
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In cells with a moderately high fluorescence intensity such as HeLa S3, T24 and 
Molt-4 (Fig.6A, В and С respectively), again the brighter peripheral nucleolar 
fluorescence was observed. A weak staining reaction was seen in about one third 
of human fibroblast cultures. In none of the various cell cultures examined, a 
cytoplasmic staining could be detected. 
TABLE 1. Detection of the Ki-67 antigen in cell cultures of various species 
using the indirect immunofluorescence technique. The values between brackets 
indicate the percentages of positive cells. 
SPECIES NUCLEAR REACTION 
WITH Ki-67 
HUMAN 
fibroblast +/- (ЗО*) 
Molt-4 
HEp-2 
MR65 
HeLa S3 
T24 
CloII 
MONKEY 
LLC-MK2 
VERO 
BOVINE 
lens cells 
DOG 
primary endothelium culture 
HAMSTER 
BHK-21 
lens cells 
MOUSE 
myeloma SP2/0-Agl4 
RAT KANGAROO 
PtK2 
DROSOPHILA 
mei-218 
-rail cells negative, +/-:weakly positive, +:positive, ++:strongly positive 
+/++ 
+/++ 
+/++ 
+ 
+ 
++ 
++ 
(lOOZ) 
(1005!) 
(lOOX) 
(90*) 
(30*) 
(60*) 
(60*) 
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FIGURE 6. Immunofluorescence localization of the Ki-67 antigen in different cell 
types: (A) HeLa S3, (B) T2A, (C) Molt-4, (D) Human fibroblasts, (F) CloII, (H) 
LLC-MK2. 
Panels E and G show the DNA staining patterns with Hoechst 33258 of preparations 
D and F, respectively. 
Note the variability in the levels of Ki-67 fluorescence between the various 
cell cultures. x975 
In view of the observation that the Ki-67 antigen was found in the Rhesus monkey 
cell line LLC-MK2, frozen sections of several tissues of this species were 
examined for the presence of the antigen by the Immunoperoxidase staining 
technique. Fig.7 shows the Ki-67 staining patterns in tongue (Figs.7A, В and 
D), esophagus (Fig.7C), epidermis (Figs.7E and F) and small Intestine (Fig.7G). 
Part of the epithelial cells in the basal and suprabasal compartment of the 
tongue (Figs.7A and B) and esophagus (Fig.7C) were found to give a nuclear 
staining reaction, with an intense staining of the nucleoli. Occasionally, 
squamoid (keratinizing) cells in tongue were also stained (Fig.7D). 
Furthermore, the antibody reacted with both the cytoplasm and nuclei of the 
basal layer in epidermis (Figs.7E and F), a phenomenon also observed in human 
epidermis (see Table 2). 
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* * 
Figure 7. Immunoperoxldase staining patterns of Ki-67 on frozen sections of 
Rhesus monkey tissues. 
Note the nuclear staining in the basal epithelial cells of the tongue (A,B) and 
esophagus (C), with an intense staining of nucleoli. Occasionally, keratinizing 
cells in tongue were positive for Ki-67 (D). The antibody stains both cytoplasm 
and nuclei of the basal cell layer of epidermis (E,F). Proliferating cells in 
crypts of the small intestine are also positive for the Ki-67 antigen (G). 
A: x200; B-G: x315 
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TABLE 2. Detection of the ICi-67 antigen in tissues of various species using 
indirect immunoperoxidase technique. 
SPECIES/ORGAN CELL TYPE NUCLEAR REACTION 
WITH Ki-67 
HUMAN 
Skin, epidermis 
Tongue, surface epithelium 
Uterine cervix, 
squamous epithelium 
Urinary bladder 
Kidney 
Colon 
Spleen 
Connective tissue 
Smooth muscle 
Striated muscle 
Brain 
: basal cells 
: suprabasal cells 
: basal cells 
: suprabasal cells 
: basal cells 
: suprabasal cells 
:epithelium 
tall cell types 
tall cell types 
:all cell types 
:all cell types 
:all cell types 
:all cell types 
tall cell types 
RHESUS HONKEY 
Skin, epidermis 
Tongue, surface epithelium 
Esophagus 
Uterine cervix, 
squamous epithelium 
Small intestine, crypts 
Liver 
Connective tissue 
Smooth muscle 
¡basal cells 
tsuprabasal cells 
¡basal cells 
¡suprabasal cells 
tbasal cells 
¡suprabasal cells 
¡basal cells 
¡suprabasal cells 
¡epithelial cells 
¡hepatocytes 
¡all cell types 
¡all cell types 
++ 
_2 
+++ 
+ 
Small intestine, crypts 
Spleen, follicles 
Tonsil, follicles 
Tonsil, overlying 
squamous epithelium 
SHEEP 
Thymus, marrow 
Small intestine, crypts 
DOG 
Kidney 
Spleen, follicles 
Tonsil, follicles 
¡epithelial cells 
¡lymphocytes 
¡lymphocytes 
¡basal cells 
¡suprabasal cells 
¡lymphocytes 
¡epithelial cells 
¡all cell types 
¡lymphocytes 
¡lymphocytes 
+ 
+ 
++ 
++ 
-
++ 
+ 
-
+ 
+ 
Tonsil, overlying 
squamous epithelium 
CAT 
Esophagus 
Small intestine 
Tonsil 
RABBIT 
Kidney 
Small intestine, crypts 
Peyer's patches, follicles 
VX-2 tumor 
¡basal cells 
¡suprabasal cells 
rail cell types 
¡all cell types 
¡all cell types 
¡all cell types 
¡epithelial cells 
¡lymphocytes 
: tumor cells 
++ 
+++ 
+++:more than 50X positive cells, ++:between 10X and 50X positive cells, +:less 
than 10% positive cells, -¡all cells negative 
vi thin these cell layers also a cytoplasmic staining reaction was observed 
occasionally, keratinizing cells were found to be positive 
only a faint cytoplasmic staining reaction vas observed in the basal cell 
layer of the stratified epithelium 
The proliferating cells in crypts of the small intestine were shown to be 
positive for the Ki-67 antigen as well (Fig.7G), while only few hepatocytes in 
liver and some basal cells in cervical squamous epithelium were stained 
(Table 2). 
Using tissue sections of various other species (Table 2) ve found the presence 
of the Ki-67 antigen in proliferating cells from cow, sheep, dog, cat and rabbit 
(see Fig.8 and Table 2). A strong positive nuclear staining reaction was found 
in the lymphocytes in tonsil (Fig.8A) and spleen from cow and dog as veil as in 
sheep lymphocytes (Fig.BC). Also lymphocytes present in Peyer's patches of the 
rabbit small intestine were intensely stained (Fig.BH). The squamous epithelium 
overlying the tonsil in cow and dog revealed a nuclear staining reaction in part 
of the basal cells (Figs.SB and D). A considerable number of crypt cells in the 
small intestine of rabbit (Figs.SF and G) was positive with Ki-67, while also in 
cov and sheep some positive crypt cells vere found. In cat no positive nuclei 
were found in any of the tissues examined. A faint cytoplasmic staining 
reaction vas, hovever, observed in the basal cell layer of the esophagal 
stratified epithelium (Fig.BE). Finally, the Ki-67 antigen appeared to be 
present in many nuclei of rabbit VX-2 tumor cells (Figs.BI and J). For 
comparison, the nuclear staining reaction in human melanoma cells is shovn 
(Fig.BK). 
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Figure 8. Immunoperoxidase staining patterns of Ki-67 on frozen sections of 
tissues from cow (A,B), sheep (C), dog (D), cat (E), rabbit (F-J) and man (K). 
(A) Cow tonsil lymphocytes, (B) Squamous epithelium overlying cow tonsil, (C) 
Sheep tonsil lymphocytes, (D) Squamous epithelium overlying dog tonsil, (E) Cat 
esophagus, (F-J) Rabbit small intestine with positive crypt cells (F,G), 
positive lymphocytes in Payer's patches (H) and VX-2 tumor (I,J). For 
comparison the nuclear staining reaction in a human melanoma is shown (K). 
A-E,G,J,K: x300; F,H,I: xl85 
101 
DISCUSSION 
Ki-67 is a mouse monoclonal antibody that reacts with proliferating cells and 
was recently introduced into histopathology to determine the growth fraction of 
human tumors in situ. 
The present study was performed to examine the species distribution and 
intracellular localization of the Ki-67 antigen in various cell types. Using 
immunohistochemical techniques we have shown that in cultured cells in 
interphase the most intense staining reaction with Ki-67 is seen in nucleoli, 
particularly at its periphery and in the dense fibrillar components. As several 
other anti-nucleolar antibodies appeared to react strongly with antigens 
localized in the interior of the nucleoli (data not shown), it is unlikely that 
the intense peripheral staining of Ki-67 is due to an accessibility artefact. 
In the cell types tested, the nucleoplasmic appearance of the Ki-67 antigen 
varied from a distinct number of dot-like structures to an almost diffuse 
staining reaction. 
Experiments using actinomycin D also revealed that in interphase cells the KI-67 
antigen behaved as a nucleolar component. This is concluded from the 
observations that during segregation of the nucleoli the KI-67 antigen seems to 
be mainly located in one of the two developed subcompartments (see Fig.2B, Ihr), 
while it shows a speckled distribution pattern in cells treated with high 
concentrations of actinomycin D, resulting in a total fragmentation of the 
original nucleoli. 
For further identification of the nature of the Ki-67 antigen we examined its 
association with the nuclear matrix. This structure may be defined as the 
residual entity remaining after subsequent treatments of cells with detergents, 
nucleases and high-salt solutions. In nuclear matrix preparations of monolayer 
cell cultures, cytoskeletal elements remain intact and for this reason we use 
the term nuclear matrix-intermediate filament scaffold (NM-IF) according to Fey 
et al.(1984) for our HR65 in situ extraction preparations. It was demonstrated 
by means of immunofluorescence that the Ki-67 antigen was preserved in such HR65 
NH-IF scaffolds. However, high-salt treatment causes shrinkage of nuclei and an 
apparent increase of the fluorescence intensity (see Fig.5). Therefore, one has 
to be careful with conclusions based on these fluorescence studies concerning 
the amount of Ki-67 antigen preserved in these scaffolds. 
Despite many efforts we have not succeeded in determining the biochemical 
characteristics of the Ki-67 antigen. In situ extraction experiments showed 
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that the antigen sustained all treatments to obtain NM-IF scaffolds (see 
materials and methods) as the antibody still reacted with such structures in the 
immunofluorescence assay. However, the various Western blots on which the 
antibody was tested did not allow detection of any HeLa S3 nuclear protein 
specifically reacting with Ki-67. Also the zwittergent method (Mandrell and 
Zollinger,1984), aiming at a partial renaturation of lost antigenic epitopes, 
gave no unambiguous results. From these data one could conclude that the 
procedure to identify the antigen on SDS-containing gels apparently alters the 
structure of the epitope in such a way that it is not longer recognized by the 
antibody. However, immunoprecipitation experiments in which initially no SDS 
35 
was used also failed in precipitating any specific [ S]methionine-labeled 
32 
proteins or any [ P]-labeled RNA from HeLa S3 total cell lysates. We have no 
clear indication how these negative results can be explained. 
In addition we have tested Ki-67 on cell cultures and tissue sections from 
various species. Our results indicate that expression of the antigen is not 
restricted to human cells and tissues, but that positive staining reactions can 
also be obtained in proliferating cells from various other species. The 
observed intracellular staining patterns in all tissues examined appeared to be 
similar to those observed in the cell cultures. An exception vas seen in cells 
of the basal layers of squamous epithelia of man and Rhesus monkey in which, 
besides a nuclear staining, the cytoplasm vas found to be positive as well. The 
basal cell layer of feline esophagal stratified epithelium showed only a 
cytoplasmic and no nuclear staining reaction with Ki-67. Whether or not this 
phenomenon can be explained by a cytoplasmic appearance of the Ki-67 antigen in 
these cells or by a cross-reactivity of the antiserum with a cytoplasmic 
component remains to be examined. 
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CHAPTER 5 
Ki-67 DETECTS A NUCLEAR MATRIX-ASSOCIATED PROLIFERATION-RELATED 
ANTIGEN 
II. Localization in mitotic cells and 
association with chromosomes 
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J.-H.van Dlerendonck, G.J.Brakenhoff and F.C.S.Ramaekers. 
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Ki-67 DETECTS A NUCLEAR MATRIX-ASSOCIATED PROLIFERATION-RELATED 
ANTIGEN 
II. Localization in mitotic cells and association 
with chromosomes 
R.Verheijen, H.J.H.Kuijpers, R.van Driel, J.L.H.Beck, 
J.H.van Dierendonck, G.J.Brakenhoff and F.C.S.Ramaekers 
ABSTRACT 
In interphase cells the proliferation-associated antigen recognized by 
monoclonal antibody Ki-67 is almost exclusively located in the nucleoli. When 
cells at several stages of mitosis were examined for the localization of the 
Ki-67 antigen, a striking redistribution could be observed. During prophase the 
distinct nucleolar Ki-67 fluorescence changed to a bright irregular meshwork 
throughout the nucleoplasm. At metaphase the antigen appeared to be distributed 
in a reticulate structure surrounding the condensed chromosomes, while at late 
telophase a punctated staining of the entire nucleoplasm was observed which 
preceded the typical nucleolar localization pattern in each of the two daughter 
cells. Immunolabeling with KI-67 of metaphase chromosome spreads revealed a 
circumferential staining of the individual chromosomes. 
The Ki-67 antigen is preserved in nuclear matrix preparations obtained after in 
situ fractionation of interphase cells. When mitotic cells were exposed to such 
treatments, the obtained fluorescence data suggested that the antigen may be 
part of the chromosome scaffold. 
Quantitation of the Ki-67 fluorescence signal using flow cytometry revealed the 
highest staining intensities in mitotic cells. Furthermore, it was shown that 
nutritionally deprived cells become negative for Ki-67. 
INTRODUCTION 
Ki-67 is a commercially available mouse monoclonal antibody which reacts with a 
nuclear antigen in proliferating cells. The antibody can be used to determine 
the growth fraction of human tumors in situ and has been shown to be of 
prognostic importance. 
In a previous study we have shown that in interphase cells Ki-67 reacts with an 
antigen mainly localized in nucleoli (Verheijen et al. 1988b). Confocal 
scanning laser microscopy (CSLM) and immunoelectron microscopy on human MR65 
monolayer cells revealed that this antigen is predominantly localized in the 
nucleolar cortex and in the dense fibrillar components. Furthermore, the Ki-67 
antigen appeared to be preserved in nuclear matrix preparations obtained after 
in situ fractionation of MR65 cells in interphase. However, virtually nothing 
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is known about the nature and biochemical characteristics of the antigen 
recognized by Ki-67. Despite many attempts we have not been successful so far 
in identifying the antigen in Western blotting or immunoprecipitation assays. 
The present study was performed to examine the intracellular localization of the 
Ki-67 antigen in mitotic cells. In this respect it is shown that during mitosis 
the strongest immunohistochemical staining reactions with Ki-67 are obtained on 
the surface of the condensed chromosomes and that the antigen Is preserved in 
"nuclear matrix" preparations of mitotic MR65 cells. In our preceding study a 
profound heterogeneity of the KI-67 staining intensities was observed between 
different cell lines and even within one cell culture. This phenomenon was 
further examined by flow cytometric (FCH) analyses of a cell line under variable 
growth conditions. Our findings are discussed In the light of recent data 
concerning Ki-67 expression levels In tumors. 
MATERIALS AND METHODS 
The indirect immunofluorescence assay, immunoelectron microscopy, confocal 
scanning laser microscopy, culturing of MR65 and MOLT-4 cells, as well as the 
preparation of In situ nuclear matrices of HR65 cells, were performed as 
recently described (Verheijen et al.1988b). 
Antibodies 
Monoclonal antibody Ki-67 (IgGl; trade-name DAKO-PC, code no. M722) was 
purchased from DAKOpatts (Glostrup, Denmark) as tissue culture supernatant, 
dialysed against 0.05M Tris-HCl pH7.2 and 15mH Na-azide. 
Other monoclonal antibodies used in this study were: 
2.73, directed against the 70K Ul RNA-associated protein (Billings et al.1982, 
Verheijen et al.1986a,b), 41CC4, directed against the nuclear lamins (Burke et 
al.1983, Verheijen et al.1986a,b) and RKSE 60, directed against cytokeratin 10 
(Ramaekers et al.1983). Since this latter protein is not expressed in MR65 
cells nor in MOLT-4 cells, this antibody was used as a negative control in the 
immunofluorescence experiments. 
The human autoimmune sera T5 and L66, both containing antibodies directed 
against nucleolar proteins, were obtained from patients suffering from 
progressive systemic sclerosis (PSS). T5 has been described previously 
(Verheijen et al.1986a), while L66 recognized several, yet unidentified, 
nucleolar proteins. 
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Fixation and labeling of HOLT-4 cells for flow cytometry (FCH) 
Cultured MOLT-4 cells were spun down for 5 min at 400xg. The supernatant was 
discarded but fluid sticking to the wall of the tubes was allowed to cover the 
pellet. The cells were suspended in this small volume of remaining culture 
medium, whereafter 70% ethanol (-300C) was added under constant vortexing to 
obtain a final concentration of about 3 χ 10 cells/ml. At this stage the cells 
could be stored at -30oC. 
The fixed cells were labeled as follows. About 1 χ 10 cells in ethanol(-30sC) 
were centrlfuged at room temperature (15 min, 400xg), washed with 1ml buffer A 
(137mM NaCl, 2.5mM KCl, lOmM Na-HPO^, 1.5mM ΚΗ,ΡΟ,, 5X fetal calf serum, pH7.4), 
and centrlfuged again. The pellet was resuspended in 200μ1 of either Ki-67 
diluted 1:4 v/v in buffer A or undiluted culture supernatant of RKSE 60 and 
incubated for 30 min at room temperature under continuous shaking. 
Subsequently, the cells were washed with 1ml buffer A (3 times 1 min) and 
resuspended in 0.5ml of 1:25 v/v diluted, FITC-conjugated, second antibody in 
buffer A. F1TC-labeled rabbit anti-mouse Ig's second antibodies (purchased from 
different companies; see below) were used. After incubation for 30 min at room 
temperature under continuous shaking the cells were washed as described above. 
Consequently, the cell pellet was resuspended in 1ml 150mH sodium phosphate 
buffer pH7.4 containing 20ug/ml propidium iodide (PI, A-grade, Calbiochem 
Behring Corp., Ca. USA). To 1ml of this cell suspension, 100μ1 of a lOmg/ml 
RNase A (Sigma) solution in sodium phoshate buffer pH7.4 was added and Incubated 
for 10 min at 37SC. Finally, the cell suspension was filtered through a 100 
micron nylon filter (Ortho Diagnostics Systems, Beerse, Belgium). Cells were 
kept in the dark at 4eC prior to FCM analysis. 
FCM analysis 
Cell analysis and sorting was performed using a cytofluorograph system 50H 
(Ortho Instruments, Mass. USA). Fluorochromes PI and FITC were excited by a 
488nm wavelength light beam from an argon ion laser (Spectra Physics, Mountain 
View, Ca. USA). Fluorescence was measured simultaneously using a 515-530nm 
filter and a longpass 630nm filter for FITC and PI, respectively. All data were 
stored in correlated list mode on a PDP 11/34 computer (Digital Equipment 
Corporation, Maynard, Mass. USA) for subsequent data analysis. Sorted cells 
were immediately collected on coversllps. From our FCM analyses with M0LT-4 
cells it became obvious that it was necessary to obtain an optimal 
signal-to-noise ratio between positive and negative immunolabeled cells. For 
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this reason it vas important to select a suitable FITC-conjugated secondary 
antibody to mouse immunoglobulins. The FITC-labeled antibodies tested in this 
study included: 
1. Rabbit anti-mouse Ig F(ab')_-FITC from DAKOpatts, Glostrup, Denmark; 
2. Rabbit anti-mouse Ig-FITC from Nordic Immunological Laboratories B.V., 
Tilburg, The Netherlands; 
3. Goat anti-mouse IgG F(ab')„-FITC from Cappel, available through Organon 
Technika N.V., Turnhout, Belgium; 
4. Goat anti-mouse IgG (H+L)F(ab')2-FITC from American Qualex, La Hirada, Ca. 
USA; 
5. Goat anti-mouse IgG (H+L)-FITC from TAGO Inc., Burlingame, Ca. USA. 
Chromosome spreads 
Preparation of unfixed metaphase chromosome spreads of HR65 cells vas performed 
essentially as described by Stenman et al.(1975). In summary, MR65 cells vere 
treated for 2-4h vith 0.05ug/ml colcenid (Sigma Chemical Co., Hünchen, FRG). 
Metaphase cells vere collected by flushing medium over the monolayer by gentle 
pipetting. The dislodged metaphase cells vere collected by centrifugation (5 
min, 400xg) and incubated in hypotonic buffer (lOmM Tris-HCL pH7.4, 40mH 
glycerol, 20mM NaCl, 5mM KCl, l.OmM CaClj, 0.5mM HgClj) for 10 min at O'C. 
Subsequently, the cells vere spun onto glass slides using a Cytospin centrifuge 
(6 min, lOOOrpm). The spreads vere fixed and prepared for Immunofluorescence 
microscopy as described for cultured cells (Verheijen et al.1986b). Possible 
proteolytic activity present in the human antisera vas reduced by using O.SraM 
phenylmethylsulphonyl chloride (PMSC) during the first incubation step. 
RESULTS 
Localization of the K.i-67 antigen in mitotic MR65 cells 
To study the intracellular localization of the Ki-67 antigen in human cells ve 
have used HR65, a human lung carcinoma monolayer culture in which the cells 
contain large nuclei and remain relatively flat during mitosis. The 
immunofluorescent localization of the Ki-67 antigen throughout the cell cycle of 
MR65 cells is displayed in Fig.l. 
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FIGURE 1. Distribution of the Ki-67 antigen in MR65 cells in several stages of 
mitosis (micrographs AI-FI). DNA staining was performed with Hoechst 33258 
(micrographs A2-F2). A) Interphase; B) Prophase; C) Metaphase; D) Anaphase; E) 
Telophase; F) Late telophase/cytokinesis. x920 
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Staining of DNA in interphase cells with the fluorochrome Hoechst 33258 resulted 
in a diffuse fluorescence throughout the entire nucleus, with exclusion of the 
nucleoli (Fig.lA2). The Ki-67 fluorescence in such cells appeared to be 
predominantly localized in the nucleoli as recently described (Flg.lAl, 
Verheijen et al.1988b). When cells approach mitosis, the nucleoli gradually 
desintégrate and ultimately disappear as the chromosomes condense. At prophase, 
before this condensation has been completed, the distinct nucleolar Ki-67 
fluorescence shifted towards a bright staining of a meshwork throughout the 
nucleoplasm, apparently associated with the chromatin (Fig.IBI). At metaphase a 
reticulum of interconnected fluorescent fibrils was often observed (Fig.ICI), 
changing into a more granular appearance during anaphase and telophase (Fig.IDI 
and 1E1, respectively). During late telophase, when the nucleoli are 
reassembling, the Ki-67 fluorescence showed a speckled distribution pattern 
(Fig.lFl), followed by an aggregation of these speckles, thus restoring the 
distinct nucleolar fluorescence pattern in each of the two daughter cells. 
Confocal scanning laser microscopy (CSLH) was applied to obtain more information 
about the precise, spatial localization of the Ki-67 antigen during mitosis. 
Fig.2 shows the results of an optical sectioning procedure performed with this 
technique on two mitotic HR65 cells immunolabeled with Ki-67. The individual 
pictures correspond to optical sections all approximately Ipm apart. Fig.2-1 
represents the plane nearest to the coverslip on which the cells were grown, 
while Fig.2-16 represents the plane just above the cell. These micrographs 
emphasize that all optical planes exhibit a similar fluorescence pattern of 
interconnected strands and clumps, apparently forming an intricate network 
within and around the condensed chromosomal material. 
Stereo images compiled from CSLH data consolidated this observation in several 
phases of mitosis, clearly showing an interchromatinous reticulum formed by the 
Ki-67 antigen (Fig.3). Pseudocolour images (data not shown) emphasized the 
rather uniform staining intensity of the Ki-67 antigen in mitotic cells as 
compared to interphase cells (see also Verheijen et al.1988b). The mitotic 
reticulum displayed small areas with a relatively high fluorescence intensity. 
The results obtained using immunoelectron microscopy on mitotic cells were 
consistent with the observations in our immunofluorescence experiments. Fig.4A 
shows an HR65 cell in prometaphase in which the Ki-67 staining reaction appeared 
to be the most intense at the periphery of the condensed chromatin. 
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FIGURE 2. Subsequent optical sections obtained by confocal scanning laser 
microscopy of MR65 cells fluorescently labeled with Ki-67. Micrograph 1 
represents the section nearest to the coverslip and micrograph 16 represents the 
section just above the cell. x520 
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FIGURE 3. Stereo images of MR65 cells fluorescently labeled with Ki-67 in 
various phases of mitosis. Each pair of images was calculated from data 
obtained by confocal scanning laser microscopy. A) Cell in prometaphase (upper 
cell) and early prophase (lower cell). B) Cell in metaphase. 
A: ХІ250; B: x2600 
In mitotic cells of a human stomach adenocarcinoma a similar localization of the 
Ki-67 antigen was seen at the ultrastructural level (Fig.4B). 
To decide whether the Ki-67 antigen is associated with chromosomes, we have 
analysed metaphase spreads using immunofluorescence staining with several 
antibodies. In such preparations a bright fluorescence was observed with Ki-67 
at the surface of all individual chromosomes (Fig.SB). The monoclonal 
antibodies recognizing cytokeratin 10 (RKSE 60), the 70K Ul RNP protein (2.73) 
or the lamins (41CC4) did not stain metaphase chromosomes (Figs.SE, G and I, 
respectively). 
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FIGURE 4. A. Immunoelectron micrograph of an MR65 cell in prometaphase, stained 
for the Ki-67 antigen using the immunoperoxidase technique. 
B. Similar staining pattern in a mitotic cell of a human stomach 
adenocarcinoma. Bars: l.Oum. 
However, using human autoimmune sera containing antibodies directed against 
various nucleolar proteins, similar chromosomal staining reactions were found as 
with Ki-67 (Figs.SM and 0), indicating that the behaviour of the Kl-67 antigen 
during mitosis is not a unique phenomenon. 
After in situ extraction of MR65 interphase cells with Triton X-100, a sodium 
deoxycholate/Tween-AO mixture, DNase I, RNase A and a high-salt solution (0.4M 
ammoniumsulphate) the Ki-67 antigen remained associated with the nucleolar 
residue in the obtained, so-called nuclear matrix-intermediate filament (NM-IF) 
scaffolds (Fey et al.l98A) (Fig.6A; Verheijen et al.1988b). However, when such 
preparations were obtained from mitotic MR65 cells the Ki-67 antigen appeared to 
be highly preserved as well (Figs.6B-F), exhibiting similar distribution 
patterns throughout the various stages of mitosis as unextracted cells (compare 
Fig.l). Staining with Hoechst 33258 of these scaffolds demonstrated that DNA 
was absent or barely detectable. Furthermore, SDS-polyacrylamide gel 
electrophoresis revealed that the histones were removed quantitatively from 
these structures (data not shown). 
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FIGURE 5. Metaphase chromosome spreads (В,С,E,G,I,Κ,H,0) and interphase nuclei 
(A,D,F,H,J,L,N) of MR65 cells labeled with the monoclonal antibodies Ki-67 
(A,B); RKSE 60 (D,E); 2.73 (F fG), 41CC4 (H,I) as well as with a normal human 
control serum (J,K) and the human autoimmune sera T5 (L,M) and L66 (N,0). Panel 
С represents a parallel staining with Hoechst 33258 of the same field as shown 
in panel B. x990 
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FIGURE 6. Immunofluorescence staining patterns of Ki-67 in extracted MR65 cells 
(for details see text) in various phases of the cell cycle. A) Interphase; B) 
Prophase; C) Hetaphase; D) Anaphase; E) Telophase; F) Late telophase; G) 
Cytokinesis. ХІ080 
FCH analysis 
In our immunofluorescence studies the Ki-67 fluorescence intensity in mitotic 
cells appeared to be higher as compared to interphase cells. Furthermore, 
striking differences in fluorescence intensity of interphase cells vere observed 
between different cell lines and even within one cell culture (Verheijen et 
al.1988b). To objectively quantitate the fluorescence intensities in the 
several phases of the cell cycle we have performed FCM analyses of Ki-67 labeled 
MOLT-4 leukemia cells, with RKSE 60 as a negative control. From these studies 
it became obvious that it was necessary to obtain an optimal signal-to-noise 
ratio between positive and negative immunolabeled cells. For this reason it was 
important to select a suitable FITC-conjugated secondary antibody to mouse 
immunoglobulins. In doing so we have monitored the levels of Ki-67 fluorescence 
signals in MOLT-A cells during a culture period of five days testing several 
FITC-conjugated antibodies. The results of this study are displayed in Fig.7. 
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TOTAL O0/O1 0 2 / M 
DAYS IN CULTURE 
FIGURE 7. Diagrams obtained after flow cytometric analyses of MOLT-4 cells, 
cultured for a period of five days and labeled with Kl-67 (*-*) or RKSE 60 
(•—D) using five different types of FITC-conjugated secondary antibodies and 
showing the relative fluorescence signals as function of the culture time. The 
left column of graphs shows the relative fluorescence intensities of the total 
cell populations, the middle colonrn of the Go/Gl fractions and the right colomn 
of the G2/M fractions during the culture period. For details see text. 
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The left column of graphs shows the relative fluorescence intensities of the 
total MOLT-4 populations, the middle column of the Go/Gl fractions and the right 
column of the G2/M fractions during the culture period. It Is evident that the 
Cappel, TAGO and Nordic secondary antibodies show a relatively high background 
staining as compared to the DAKO and American Qualex (AQ) antibodies. 
Furthermore, the Cappel and TAGO antibodies exhibited a decrease of fluorescence 
in the control incubations with increasing culture time. Seen over this five 
day period the control signals of the DAKO, AQ and Nordic antibodies remained 
relatively stable, both for the total cell population as well as for its Go/Gl 
and G2/H fractions. Of all five secondary antibodies tested the DAKO 
fluorescence intensity was found to be the lowest in the total MOLT-4 
populations and in the Go/Gl fractions. Nevertheless, in our hands this 
antibody gave the best contrast, i.e. the lowest background (RKSE 60 signal) as 
compared to the Ki-67 dependent fluorescence signal. The difference in staining 
intensity between the G2/M and Go/Gl fractions was also found to be the highest 
using the DAKO secondary antibody. The second best results were obtained using 
the AQ antibody. Considering the results mentioned above we have performed all 
further FCM analyses with the FITC-conjugated antibody obtained from DAKOpatts. 
Fig.8 portrays a two-parameter FCM analysis of a two-day culture of MOLT-4 cells 
after FITC-labeling using the antibodies RKSE 60, 2.73, Ki-67 and staining with 
PI. Fig.ΘΑ depicts the profile of background staining obtained after labeling 
with RKSE 60. As demonstrated in Flgs.SB and C, the positive cell populations 
stained with 2.73 and Ki-67, respectively, are clearly discernable from this 
background of unlabeled cells. The 2.73 analysis pattern Is a typical example 
of a profile commonly observed with several other nuclear and cytoskeletal 
antibodies. The obtained staining profiles with 2.73 and Ki-67 of the cells in 
Go/Gl and S phase show a striking conformity and are almost superimposable. 
However, in contrast to what is observed with 2.73, the Ki-67 labeled G2/M cells 
display a broad range of FITC Intensities with an extremely high positive 
fraction, suggesting the presence of two cell populations. In a study to obtain 
more information about the Ki-67 positive G2/M fraction (see Fig.ВС) these cells 
were separated into three subfractions by placing windows as indicated. The 
cells from each subfraction were sorted onto coverslips and the percentage of 
mitotic cells was estimated. Our preliminary data indicate that in the fraction 
with the highest Ki-67 fluorescence signal about 15% mitotic cells were 
detected, whereas in the other subfractions almost no cells were found in 
mitosis. In contrast, the mitotic cells in G2/M fractions immunolabeled with 
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antibody 2.73 were equally distributed over the several subfractions. The 
lobated appearance of the MOLT-4 nuclei, however, made it very difficult to 
distinguish between mitotic cells and cells in interphase. When similar 
experiments were performed with HeLa cells, in which this problem did not occur, 
the observed distribution patterns were even more striking, i.e. the fraction 
with the highest Ki-67 signal contained 50-60* dividing cells, while in the 
other two fractions less than 10X of the cells were found in mitosis. These 
results support the fluorescence data obtained in the monolayer cultures in 
which the mitotic cells were also observed to display the highest Ki-67 
fluorescence intensities. 
In examining the effect of nutrional deprivation on the intensity of the Ki-67 
fluorescence signal we have cultured H0LT-4 cells for a period of five days 
without replacing the culture medium. 
PI 
— FITC 
FIGURE BcTwo-parameter FCM analyses of a two-day culture of MOLT-4 cells 
(±1.0x10 cells/ml) after labeling with FITC for A) RKSE 60, B) 2.73 or C) Ki-67 
and staining with propidium iodide (PI) for the DNA content. The arrows in 
panels В and С indicate the peak positions of the Go/Gl and G2/M signals of RKSE 
60. The windows used for sorting of the G2/M cells are indicated in panel С 
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Fig.9 shows the FCM analyses of the Ki-67 labeled cells after three and five 
days in culture (Figs.9B and D, respectively). Figs.9A and С represent the 
corresponding background staining profiles. It is evident in the five-day 
culture a significant amount of cells in all phases of the cell cycle had become 
negative for ICi-67, a phenomenon not yet observed in the three-day culture. 
When the cells were cultured at a higher concentration for five days the 
distribution pattern became even more pronounced, showing a large population of 
Ki-67 negative cells (Fig.9F). 
DISCUSSION 
In a previous communication (Verheijen et al.1988b) we have reported that during 
interphase the antigen recognized by monoclonal antibody Ki-67 is localized 
predominantly in the nucleoli. Up to now, the Ki-67 antigen has not been 
identified in Western blotting or immunoprecipitatlon assays, probably because 
of loss of its antigenicity during the experimental procedures used. As a 
result, insight into its possible function is lacking. 
In 1983 it was shown by Gerdes and his co-workers (Gerdes et al.1983) that 
during mitosis the Kl-67 antigen appeared to be associated with the chromosomes. 
The present study was developed to obtain more information about this 
association. Using immunohistochemlcal staining techniques we found the Ki-67 
antigen to be localized around the condensed chromatin, often forming a 
reticular structure. To obtain better insight into the interaction of the 
antigen with the chromatin, selective extraction procedures in situ were applied 
to HR65 cells. For this purpose the cells were subsequently treated with 
detergents, DNase I, RNase A and a high-salt solution, resulting in so-called 
nuclear matrix-intermediate filament (NM-IF) scaffolds. Immunofluorescence 
studies of such preparations revealed a distinct staining of the nucleolar 
remnants in interphase nuclear matrices (see also Verheijen et al.1988b), while 
"matrices" of mitotic cells shoved staining patterns similar to those observed 
in untreated dividing cells. Staining of these mitotic residual structures with 
Hoechst 33258 demonstrated that DNA was absent or barely detectable. 
Furthermore, SDS-polyacrylamide gel electrophoresis revealed that the histones 
vere removed quantitatively from these structures. Although it can not be ruled 
out that the Ki-67 antigen has been partly extracted, these results allow the 
conclusion that during mitosis the integrity of the Ki-67 antigen distribution 
is apparently not dependent on the presence of DNA or histones. 
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FIGURE 9. Two-parameter FCM analyses of MOLT-4 cells, cultured for several days 
in the same culture medium after labeling with FITC for RKSE 60 (panels A, C, 
E), Ki-67 (panels B, D, F) and staining with propidium iodide (PI). 
Α,Β) situation after -three days in culture at a relatively low cell 
concentration (±0.2x10 cells/ml); C,D) situation after five days in culture at 
a relatively low cell concentration (±0.5x10 cells/ml); E,F) situation after 
five days in culture at a high cell concentration (±1.5x10 cells/ml). 
Note that after five days in culture part of the cells become negative for 
Ki-67. 
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This suggests that the antigen is either associated with the non-histone 
proteinaceous structure known as the chromosome scaffold or is an integral part 
of it. Together with the results obtained in our preceding study (Verheljen et 
al.1988b) these findings provide support for the concept that the chromosome 
scaffold constitutes the mitotic counterpart of the interphase nuclear matrix. 
Recently, ve have scrutinized the current models concerning the structure of the 
chromosome scaffold in mitotic cells (Verheijen et al.1988a). In one of the 
basic models that has been proposed this structure forms a rigid linear axial 
backbone in each chromatid (Paulson and Laemmli, 1977). Our observations with 
Ki-67 on metaphase chromosome spreads, in which the antigen was seen to surround 
the individual chromosomes, are not easily compatible with such an internal 
structure enclosed by DNA and histones. A conceivable possibility, therefore, 
is that a non-histone proteinaceous matrix localized at the periphery of the 
chromosomes in addition to an internal scaffold. Such a model of an external 
chromosome scaffold is supported by our confocal scanning laser microscopy data 
of intact mitotic cells, as well as by data obtained by several other 
investigators (Earnshaw and Heck,1985; Hancock and Dessev,1988) and have been 
summarized recently by Verheijen et al.(1988a). The possibility that the 
absence of staining of the internal regions of the chromatin is due to 
inaccessibility of the antigen by the primary and/or secondary antibodies in the 
highly condensed metaphase chromosomes can not be excluded. However, this fact 
does not detract from our conclusion that the chromosome scaffold, if existing, 
is not a skeletal element merely present inside the chromatids, but is 
apparently also located at the periphery of the chromosomes. 
In a previous report it has been shown that the growth fraction of cell 
suspensions can be determined flow cytometrically after labeling with Ki-67 
(Schvarting et al.1986). This is of particular interest since studies on human 
tumors have proven that the proliferative index as determined by Ki-67 
immunostaining is an objective indicator of the biological behaviour of such 
neoplasms (Barnard et al.1987). Recent investigations (Valker and Camplejohn, 
1988; Schutte et al.1988), however, have shown that such a correlation does not 
exist for all tumor types. These authors could, for example, show tumor cases 
in which the number of cells positive for Ki-67, suggested to represent the 
total population of cycling cells, was significantly lower than the number of 
cells in S phase as determined by FCM. Our FCH results obtained with MOLT-4 
cultures may explain these findings. Although present in S, G2 and M phase a 
considerable number of these cells become negative for Ki-67 upon nutrional 
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deprivation. These data are in accord with findings recently published by 
Balsch and Gerdes (1987). It is veil established that in solid cancers the 
central parts of tumor cell nests may become devoid of nutrients and oxygen. Ve 
anticipate that such a situation may result in a (partial) loss of Ki-67 antigen 
expression or detectability in these cells. 
Vhen comparing the Ki-67 data to those described for other proliferation markers 
(Mathews et al.1984; Robbins et al.1987) it is obvious that interesting 
similarities can be observed between the Ki-67 antigen and DNA topoisomerase II 
(Heck and Earnshaw,1986). Recently, these latter authors have demonstrated that 
topoisomerase II, an enzyme that is involved in several aspects of DNA 
metabolism (reviewed by Vang,1985), is a specific marker for proliferating 
cells. Next to this resemblance with the Ki-67 antigen, topoisomerase II is 
found associated with the interphase nuclear matrix as veil as with the mitotic 
chromosome scaffold. Using a polyclonal antibody, the levels of topoisomerase 
II in interphase nuclei of both transformed chicken cell lines and an 
untransformed primary culture of chick embryo fibroblasts appeared to vary 
widely from cell to cell (Earnshaw et al.1985), a phenomenon that ve have also 
reported for the Ki-67 antigen in various cell cultures (Verheijen et al.1988b). 
Moreover, mitotic cells and metaphase chromosomes are intensely stained by both 
anti-topoisomerase II antibodies and Ki-67. In positive interphase nuclei the 
anti-topoisomerase II antibody exhibits a punctate fluorescence pattern next to 
a bright diffuse staining of the entire nucleoplasm. So far, it is unknown 
vhether or not these fluorescent dots represent nucleoli and/or nucleolar 
bodies. Lack of biochemical data about the Ki-67 antigen prevents any further 
comparison between these two proliferation markers. 
In summary, our results show that quantitative data obtained with Ki-67 in solid 
tumors should be interpreted with care. However, they also indicate that Ki-67 
may become a strong tool in the study of cell biological aspects of the 
interphase nuclear matrix organization and its mitotic counterpart, the 
chromosome scaffold. 
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THE 80 KILODALTON COMPONENT OF THE Ku AUTOANTIGEN 
COHPLEX IS ASSOCIATED WITH THE NUCLEAR MATRIX 
Ron Verheijen, Helma Kuijpers, Walther van Venrooij and 
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Als de Studenten van nu in de toekomst meer presteren dan vij, kan dat betekenen 
dat we goede leermeesters zijn geveest, (vrij naar Tom Haggai: Chrissie, I 
never had it so bad) 
THE 80 KILODALTON COMPONENT OF THE Ku AUTOANTIGEN COMPLEX 
IS ASSOCIATED WITH THE NUCLEAR MATRIX 
Ron Verheijen, Helma Kuijpers, Walther van Venrooij, 
and Frans Ramaekers 
ABSTRACT 
The preparation and characterization of a monoclonal antibody (RN3) specific for 
the 80kD subunit of the Ku autoantigen complex is described. The antibody 
precipitates both the 70- and 80kD Ku proteins from HeLa cellular extracts but 
reacts exclusively with the 80kD component on Western blots. Cell fractionation 
studies revealed that a significant amount of the 80kD Ku component is 
associated with the wnuclear matrix. In immunofluorescence studies the RN3 
antibody showed a fine speckled distribution pattern in interphase nuclei, »ith 
varying staining intensities in nucleoli. In mitotic cells the 80kD Ku antigen 
appeared to be predominantly localized in the cytoplasm. The possible function 
of the BOkD subunit in interphase nuclei is discussed. 
INTRODUCTION 
Autoantibodies to a broad range of cellular constituents are found in patients 
with connective tissue diseases (1,2). Some of these antibodies are 
characteristic for certain syndromes and are therefore of diagnostic value. In 
1981, Himori and co-workers (3) described a new autoantibody specificity which 
they designated anti-Ku and which was found in patients with a 
scleroderma-polymyositis overlap syndrome. Initial studies of the Ku antigen 
Identified it as a non-histone DNA-binding protein heterodimer consisting of a 
70- and an 80 kilodalton (kD) subunit (4). The recently reported Ki system (5), 
as well as the p70/p80 system (6,7) appeared to be identical with the Ku antigen 
complex. 
The Ku complex was found to Interact specifically with the free end regions of 
linear double-stranded DNA in vitro, suggesting a possible role in DNA repair or 
transposition in vivo (8). Furthermore, it was shown that only the 70kD Ku 
subunit interacts directly with DNA. Presently, only limited information is 
available about how the 70kD component is related to the 80kD subunit. 
In this report we describe a monoclonal antibody (RN3) that reacts specifically 
with the BOkD component of the Ku complex. Cell fractionation experiments 
revealed that a significant amount of this protein was recovered in nuclear 
matrix preparations and that in interphase cells the physiological state of both 
Ku polypeptides is different. 
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MATERIALS AND METHODS 
Immunization, production and characterization of hybridomas 
Cytoskeletal preparations from T24 cultures (human bladder transitional cell 
carcinoma) were made by extracting cell pellets with IX Triton X-100 in PBS. 
The immunization of BALB/c mice with such extracts, fusion of spleen cells with 
myeloma cells, testing of hybridoma supernatants by immunofluorescence, and the 
establishment of permanent hybridoma cell lines was carried out as described 
(9,10). 
The Ig subclass of RN3 was determined both by indirect immunofluorescence and 
radial immunodiffusion using subclass-specific anti-mouse Ig antibodies (Nordic, 
Tilburg, The Netherlands). These experiments shoved RN3 to be of the IgGl 
subclass. 
Cell cultures 
Tissue culture media and calf sera vere purchased from Flov Laboratories Ltd, 
Irvine, United Kingdom. 
HR65 cells (human lung carcinoma; 11) were grown on coverslips in Eagle's 
modified Minimum Essential Medium supplemented vith Ì.0X nevborn calf serum until 
about 50% confluency. 
HeLa S3 cells (human cervix carcinoma) were grown in suspension culture at 
densities ranging from 0.5x10 to 10 cells/ml on Suspension Minimum Essential 
Medium supplemented with Í0X newborn calf serum and 1.5g/l lactalbumin 
hydrolysate (12). 
RN3 hybridoma cells were grown in RPMI 1640 (Dutch modification) supplemented 
with 15% fetal calf serum in а ЪХ CO. atmosphere. 
Reference antibodies 
The human anti-Ki(=Ku) serum used in this study was generously provided by Dr 
E.M.Tan (La Jolla, USA). The human anti-RNP/Sm serum D2 from our own collection 
was used as a reference in the protein immunoprecipitation assays. 
Other monoclonal antibodies used in this study included 2.73, 41CC4 and RKSE 60. 
Antibody 2.73, directed against the 70K Ul RNA-associated protein, was provided 
by Dr S.Hoch (La Jolla) and has been described (12-14). Antibody 41CC4, 
directed against the nuclear lamlns vas a kind gift from Dr G.Varren 
(Heidelberg, FRG) and has been documented previously (15, see also 12,14). 
Antibody RKSE 60 is directed against cytokeratin 10 (16). Since this protein is 
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not expressed in MR65 cells nor in HeLa cells, this antibody vas used as a 
negative control in immunofluorescence and immunoprecipitation experiments. 
Immunofluorescence assays 
The indirect immunofluorescence assay vas performed essentially as described 
(14). RN3 vas used as undiluted hybridoma culture supernatant, vhile the human 
anti-Ku serum vas used in a 1:100 v/v dilution in PBS. 
Radiolabeling and fractionation of HeLa S3 cells 
Cellular protein of HeLa S3 cells vas labeled by incubating 0.5x10 cells/ml for 
18h in methionine-free RPMI 1640 containing 3X dialyzed fetal calf serum and 
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10uCi/ml [ SJmethionine (Amersham, UK, ±1000Ci/mmol). After the first 3h of 
labeling 0.1 vol. of complete medium vas added. 
Cell fractionation and preparation of nuclear matrices from HeLa S3 cells vere 
performed as previously described (12). 
In situ fractionation of HR65 cells 
In situ fractionation of HR65 monolayer cultures vas performed in the presence 
of 0.5mM phenylmethylsulphonyl chloride (PMSC) and 5mH N-ethylmaleimide (MalNEt) 
to reduce proteolytic degradation and disulphide bridge formation, respectively. 
These agents vere added from freshly prepared stocks. RNase A (Sigma Chemical 
Co., Hünchen, FRG) vas pre-incubated for 5 min at 1000C to reduce possible 
protease activity. 
MR65 cells vere grovn on coversllps under appropriate culture conditions (14) 
until about 75% confluency. The entire fractionation procedure vas carried out 
under continuous shaking of the slides in six-veil plates. 
The procedure that ve have established for the preparation of nuclear matrices 
in situ, carried out at 0-4°C, vas as follows: cells vere first vashed in PBS 
for 5 min folloved by three vashes in NKM buffer (130mM NaCl, 5mM KCl, 1.5mM 
MgCl.), 5 min each. Each of the following steps in the procedure vas preceded 
by washing the slides twice with reticulocyte suspension buffer (RSB) (ЮгаМ 
NaCl, ЮтМ Tris.HCl pH7.4, 1.5mM HgCl,). Subsequently, the slides vere 
subjected to a hypertonic buffer (RSB with 0.3M sucrose) and incubated for 10 
min after addition of 0.05 vol. 10X Triton X-100 in RSB. Thereafter, the 
slides vere incubated for 10 min in a freshly prepared mixture of 0.5X sodium 
deoxycholate (D0C)/1,0% Tveen-40 in RSB, followed by a nucleic acid digestion 
for 20 min at 20aC in a mixture of 1 mg/ml DNase I (DPFF quality; Cooper 
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Biomedical, Malvern, USA) and 50ug/ml RNase A (Sigma) in RSB110 (HOmM NaCl, 
lOmM Tris.HCl pH7.4, l.SmM MgCl-). During this digestion step MalNEt vas 
omitted, but immediately after the incubation it vas added again to a final 
concentration of 5mM. 
The DNA-depleted nuclei vere extracted for 10 min vith a high-salt buffer 
containing 0.4M (NH.KSO,, 50mM Tris.HCl pH7.4, 1.5mM MgCl2. The obtained 
nuclear matrices vere prepared for immunofluorescence microscopy as previously 
described (14). 
Immunoprecipitation assays and protein analysis 
Preparation of total cellular extracts from HeLa S3 cells as veil as 
immunoprecipitation of proteins vere carried out as described by Mimori et 
al.(17). In those cases vhere monoclonal antibodies vere used, rabbit 
anti-mouse IgG (RAM; DAKOpatts, Glostrup, Denmark) vas coated to pre-svollen 
protein A-Sepharose (PAS) beads by incubation of 20μ1 RAM solution (dilution 1:5 
v/v in SOOmM NaCl, lOmM Tris.HCl pH8.0, 0.1* Nonidet P-АО) per mg PAS for 3h at 
4eC. Antibodies RN3 and RKSE 60 vere used as hybridoma supernatants (ΙΟμΙ/mg 
PAS). 
SDS-polyacrylamide gel electrophoresis and immunoblotting vere performed as 
described (12). 
RESULTS 
Monoclonal antibody RN3 vas obtained after fusion of myeloma cells vith spleen 
cells from a mouse that had been Immunized vith a cytoskeletal preparation from 
human T24 cells. Hybridoma supernatant of this antibody vas tested on Vestern 
blots containing HeLa total nuclear proteins. As shovn in Fig.l (lane 1), the 
antibody recognized a single polypeptide vith an apparent molecular veight of 
BOkD. To study the subcellular localization of the antigen a cell fractionation 
procedure vas used (13). Vestern blot analysis of the various cell fractions 
clearly shoved the presence of a substantial amount of the RN3 antigen in the 
detergent soluble fractions. A relatively small amount vas detected in the 
Triton X-100 fraction (Fig.l, lane 2), vhile much more of the antigen vas 
released upon treatment vith the DOC/Tveen mixture (Fig.l, lane 3). The antigen 
could not be detected in the DNase I/RNase A and high-salt fractions (Fig.l, 
lanes 4 and 5, respectively). A non-extractable moiety of the polypeptide vas 
reproducibly retained in the nuclear matrix fraction (Fig.l, lane 6). 
134 
«PS»* 
•еджви 80 kD 
FIGURE 1. Subcellular localization of the antigen detected by RN3 using Western 
blotting. Proteins from several cellular fractions obtained from approximately 
5x10 HeLa cells (12) were separated on a 13% SDS-polyacrylamide gel, blotted 
onto nitrocellulose, incubated with RN3 and the antibody detected with a 
peroxidase labeled second antibody. lane 1: total HeLa nuclear protein 
extract; lane 2: Triton X-100 soluble fraction; lane 3: DOC/Tween soluble 
fraction; lane 4: proteins released by DNase I/RNase A treatment; lane 5: 
high-salt extractable fraction; lane 6: nuclear matrix fraction. 
Reactivity of RN3 with cellular proteins vas further investigated by 
35 immuncprecipitatlon assays using a total cellular extract of [ S]methionine 
labeled HeLa cells as source of antigen. The antibody specifically precipitated 
tvo proteins from such extracts with apparent molecular veights of 70- and BOkO 
(Fig.2A, lane 3). 
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The BOkD protein corresponded to the antigen already recognized on the 
immunoblots (Fig.l). To gain insight into the nature of the 70kD protein, 
Vestern blots of the precipitated proteins vere probed with several antibodies 
knovn to recognize nuclear (matrix) proteins in the 70kD molecular veight 
region. Fig.2B (lane 1) shows that the negative control antibody RKSE 60 
reacted with none of the precipitated proteins. Vhen the immunoblots were 
probed with RN3, only the BOkD protein was detected (Fig.2B, lane 2). 
No reaction of the precipitated 70kD protein was found with monoclonal antibody 
41CC4, directed against the nuclear latnins (62-70kD) nor with antibody 2.73, 
directed against the 7OK Ul RNA-associated protein (data not shown). Moreover, 
35 the precipitated 70kD protein was strongly labeled with [ SJmethionine and in a 
previous study we have reported that the 70K Ul RNA-associated protein is poorly 
labeled under the experimental circumstances used (12). RN3 was also tested in 
an RNA immunoprecipitation assay. The results of these experiments showed that 
the RN3 antibody did not precipitate Ul RNA or any other known RNA species (data 
not shown). In conclusion, these results indicate that the 70kD protein 
precipitated by RN3 is not the 7OK Ul RNA-associated protein. Using a human 
anti-Ku serum, however, the 70kD as well as the BOkD protein were recognized 
(Fig.2B, lane 3), indicating that RN3 is directed against the BOkD subunit of 
the Ku antigen complex. 
Vhen the human anti-Ku serum vas probed onto a similar cell fractionation 
iramunoblot as shown in Fig.l, the BOkD protein was detected in the same cell 
fractions as was found using the RN3 antibody (Fig.3), although the reaction of 
the human antiserum with the BOkD Ku component in the detergent soluble 
fractions (Fig.3, lanes 1 and 2) appeared to be less strong as compared to the 
reaction obtained with RN3 (Fig.l, lanes 2 and 3). In contrast, the 70kD Ku 
protein was not only detected in the detergent soluble fractions (Fig.3, lanes 1 
and 2) and in the residual nuclear matrix, but also in the fraction obtained 
after nuclease treatment (Fig.3, lane 3) in which no BOkD component could be 
detected. 
The intracellular localization of the BOkD protein was investigated using 
immunofluorescence microscopy. For this purpose we used HR65, a human lung 
carcinoma monolayer culture in which the cells contain large nuclei and remain 
relatively flat during mitosis. In MR65 interphase cells the BOkD Ku antigen 
appeared to be exclusively located in the nucleus, exhibiting a fine speckled 
distribution pattern in the nucleoplasm. 
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35 FIGURE 2. A. Autoradlograph of,immunoprecipitated ( SJmethionine labeled HeLa 
cell proteins. lane It [ Clmethylated molecular weight marker proteins 
(Amersham): lysozyme (14.3kD), carbonic anhydrase (30kD), ovalbumin (46kD), 
bovine serum albumin (69kD) and Phosphorylase b (93kD); lane 2: proteins 
precipitated by the human anti-RNP/Sm serum D2, showing the A(32kD), B'(28kD), 
B(27kD) and C(21kD) U RNA-associated proteins; lane 3: proteins precipitated by 
monoclonal antibody RN3. 
B. Western blot of proteins immunoprecipitated by RN3, incubated with: lane 1: 
monoclonal antibody RKSE 60; lane 2: monoclonal antibody RN3; lane 3: human 
anti-Ku serum. The bound antibodies were detected with a peroxidase labeled 
second antibody. Note that no degradation products of the 80kD polypeptide were 
detected when the precipitated proteins were probed with RN3 (lane 2). 
137 
1 2 3 4 5 
80k D 
70kD 
FIGURE 3. Subcellular localization of the Ku antigen. Proteins from several 
cellular fractions obtained from 5x10 HeLa cells (12) were separated on a 13X 
SDS-polyacrylamlde gel, blotted onto nitrocellulose, incubated with a human 
anti-Ku serum and the bound antibody detected with a peroxidase labeled second 
antibody, lane 1: Triton X-100 soluble fraction; lane 2: DOC/Tween soluble 
fraction; lane 3: proteins released by DNase I/RNase A treatment; lane 4: 
high-salt extractable fraction; lane 5: nuclear matrix fraction. 
However, a striking variability of the nucleolar staining intensities was 
observed between the various HR65 cultures tested and even within a single MR65 
culture. Apart from intensely stained nucleoli (Fig.4A), weakly positive as 
well as negative nucleoli (Fig.4B) were seen. In mitotic cells the 80kD Ku 
antigen appeared to be predominantly localized in the cytoplasm, exhibiting a 
diffuse fluorescent staining pattern (Figs.AA and C). These distribution 
patterns were consistent with those observed using the human anti-Ku serum 
(Figs.4D and E). 
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FIGURE 4. Localization of the Ku antigens in HR65 cells as detected by antibody 
RN3 (A,B,C) and the human anti-Ku serum (D,E) using the indirect 
immunofluorescence assay. In interphase cells both RN3 and the human anti-Ku 
serum exhibited a speckled distribution pattern throughout the nucleoplasm with 
variable nucleolar staining intensities (Α,Β,Ο,Ε). In mitotic cells the Ku 
antigens are located in the cell cytoplasm surrounding the condensed chromatin 
(A,C,E). ХІ035 
To study the distribution pattern of the 80kD Ku antigen in nuclear matrices, 
selective extraction procedures were applied in situ to MR65 cells. As expected 
from our fractionation studies on HeLa S3 suspension cells (see Fig.l), the 
antigen was found to be partly retained in the nuclear matrices (Fig.5A). 
Comparing its immunofluorescent distribution patterns in unextracted cells and 
in the nuclear matrix preparations, no major differences were observed. In the 
latter structures also a speckled nuclear distribution was seen, although the 
overall fluorescence intensity appeared to be lower as compared to the intensity 
in unextracted cells. The nucleolar remnants in these nuclear matrix 
preparations, however, were consistently devoid of staining. The 80kD Ku 
antigen was completely extracted from mitotic MR65 cells (Fig.SA, arrow). 
Virtually identical results were obtained using the human anti-Ku serum 
(Fig.5B). 
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FIGURE 5. Localization of the Ku antigens in nuclear matrix preparations of MR65 
cells as detected by antibody RN3 (A) and by the human anti-Ku serum (B) using 
the indirect immunofluorescence assay. The arrow indicates the negatively 
stained residual structure of a mitotic cell. xll50 
DISCUSSION 
The Ku autoantigen complex is a DNA-binding protein dimer consisting of a 
noncovalently linked 70- and 80kD subunit. The complex specifically binds to 
the free ends of linear double-stranded DNA but only the 70kD component seems to 
be directly involved in this interaction (4,8). Autoantibodies to the Ku 
complex are found in patients with a scleroderma-polymyositis overlap syndrome 
(3). Next to human sera directed against both Ku subunits, others have been 
described that recognize one or the other of the Ku proteins preferentially 
(4,5), indicating that the Ku complex bears multiple autoantigenic epitopes. 
In the present study we have reported on a monoclonal antibody, designated RN3, 
that specifically immunoprecipitated the two Ku proteins from radiolabeled cell 
extracts. As judged from immunoblotting experiments only the 80kD protein 
appeared to be recognized by RN3, while a human anti-Ku serum reacted with both 
polypeptides. These results demonstrate that RN3 is directed against the 80kD 
protein subunit of the Ku antigen. Recently, Reeves (6) has reported the 
preparation of three monoclonal antibodies which all recognized both Ku 
polypeptides. To our knowledge RN3 is the first monoclonal antibody described 
that reacts with the 80kD subunit of the Ku antigen only. 
Our cell fractionation experiments indicate that part of the 80kD subunit was 
released upon treatment of the cells with Triton X-100 as well as with a 
DOC/Tween mixture. Two observations support the conclusion that part of the 
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80kD protein detected in these fractions was derived from mitotic cells. First, 
our immunofluorescence studies showed that during mitosis the 80kD Ku antigen 
was predominantly located in the cell cytoplasm, not associated with condensed 
chromatin (Figs.4A,C,E). Second, the antigen was not retained in the residual 
structures obtained after in situ fractionation of mitotic cells (Fig.5). 
However, in view of the relatively high concentration of antigen present in the 
DOC/Tween fraction, the amount of extracted 80kD antigen from mitotic cells most 
probably does not account for the total amount of antigen present in this 
fraction. Therefore, it is likely that also part of the antigen present in the 
interphase nuclei is solubilized by the detergent treatment. Himori and 
co-workers (4) have suggested that the Ku complex in interphase nuclei exists 
mainly as unbound proteins which become associated with the DNA only when 
breakpoints occur. Such a free pool of Ku protein in the nucleus is consistent 
with our finding of a relatively high level of BOkD antigen in the detergent 
soluble fractions. Our observation that the BOkD Ku antigen was completely 
resistant to extraction by nuclease treatment is in agreement with the 
observation of Mimorl et al.(4) that the 80kD subunit does not interact directly 
with DNA. Vhen the human anti-Ku serum was probed onto immunoblots containing 
different cell fractions we found that the 70kD Ku protein, apart from being 
present in the detergent soluble fractions and in the residual nuclear matrix, 
was partly released upon treatment with nucleases. These results demonstrate 
that in Interphase nuclei at least part of the 80kD component of the Ku complex 
is present in a different physiological state as the 70kD protein, i.e. part of 
the 70kD protein is probably associated with the DNA in absence of the BOkD 
component. These observations led us to speculate about a temporal association 
of the Ku proteins with the nuclear matrix structure. The 80kD subunit might, 
for example, be involved in anchoring the DNA-70kD complex to the nuclear matrix 
in order to orientate the free ends of double-stranded DNA in such a way that 
repair or transposition can take place. 
Comparing the findings of several investigators concerning the immunofluorescent 
staining of the nucleoli with Ku antisera, striking differences can be noticed. 
Using a human anti-Ku serum, Mimorl et al.(4) observed a fine speckled staining 
throughout the nuclei of HEp-2 cells with exclusion of the nucleoli. In 
contrast, the three monoclonal antibodies described by Reeves (6) all reacting 
with both the 70- and BOkD Ku proteins, exhibited a nucleoplasmlc as well as a 
nucleolar staining reaction in HEp-2 cells. Reeves (6) also demonstrated that 
the nucleoplasmlc staining was sensitive to DNase but not to RNase treatment, 
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while the nucleolar staining was sensitive to RNase but not to DNase treatment. 
From these results it was concluded that the Ku complex might be associated with 
DNA in the nucleoplasm and with RNA in the nucleolus. Binding of the Ku 
proteins to nucleolar RNA, however, could not be confirmed in biochemical 
studies (6). Moreover, one can not exclude the possibility that the nucleolar 
staining is due to the presence of a constituent that shares one or more 
epitopes with the Ku antigen. The RNase sensitivity of the nucleolar staining 
reaction may explain our finding that the nucleolar remnants in the nuclear 
matrix preparations were consistently devoid of staining. Ve were not able to 
confirm that the nucleoplasmic staining is sensitive to DNase, neither do we 
have an explanation for the observed variability in nucleolar staining 
intensities in untreated HR65 cells. 
In conclusion, antibody RN3 is a useful tool for studying the biological role of 
the Ku antigen complex and may be potentially important for diagnostic 
applications. 
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CHAPTER 7 
SUMMARY AND CONCLUSIONS/ 
SAMENVATTING EN CONCLUSIES 
Een groep wordt een team zodra ieder lid zeker genoeg van zichzelf en zijn 
bijdrage is om de bekwaamheden van de anderen te prijzen. 
SIMNARY AND CONCLUSIONS 
This thesis describes a study on the composition and structural organization of 
the nuclear matrix in eukaryotic cells. Furthermore, some clinically relevant 
nuclear matrix components have been characterized by monoclonal antibodies and 
human autoimmune sera. 
Chapter 1 reviews recently characterized nuclear matrix proteins and 
morphological aspects of the three major structural entities of the nuclear 
matrix structure. 
Chapter 2 describes our approach to identify the nature of the protein 
components of HeLa S3 nuclear matrices. Procedures for the isolation of these 
structures were re-examined with special emphasis on the use of various 
nucleases and detergents, as well as on the ionic strength of the ultimate 
high-salt solution. After the establishment of a routine isolation procedure, 
and verification of its reproducibility, several polypeptides present in such 
nuclear matrix preparations were identified using two-dimensional imraunoblotting 
and co-electrophoresis. For this purpose mouse monoclonal antibodies were used 
next to human autoimmune sera obtained from patients with connective tissue 
diseases. These antibodies enabled us to identify a number of proteins 
specifically present in the nuclear matrix and showed that part of the 
cytoskeletal proteins are still present in the isolated structures. 
Chapter 3 deals with the 7OK Ul RNA-associated protein, which was shown by cell 
fractionation experiments to be partly associated with the nuclear matrix. The 
possibility that the 70K protein may function in binding the Ul RNP particle to 
the nuclear matrix structure was further substantiated by our finding that Ul 
RNP particles could be isolated that contained or lacked the 70K protein, 
depending on the method of isolation. Immunofluorescence studies, using a 
monoclonal anti-70K antibody in combination with human autoimmune sera that 
reacted with Ul RNA-associated proteins, demonstrated that the 7OK protein is 
localized in those areas of the cell where other U RNP proteins occur, also 
during mitosis. These results suggest that, although associated with the 
nuclear matrix in interphase cells, the 7OK protein remains associated with the 
Ul RNP particles during cell division. 
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Chapters A and 5 describe the intracellular localization of a nuclear 
matrix-associated proliferation-related antigen, recognized by monoclonal 
antibody Kl-67. This antibody can be used to determine the growth fraction of 
human tumors in situ and has been shown to be of prognostic importance. In 
interph.ise cells Ki-67 reacts with an antigen, mainly present in nucleoli. 
Confocal scanning laser microscopy and immunoelectron microscopy revealed that 
this nucleolar antigen is predominantly localized in the nucleolar cortex and in 
the dense fibrillar components. The Ki-67 antigen appeared to be preserved in 
nuclear matrix preparations obtained after in situ fractionation of cultured 
cells. With respect to the species specificity of Ki-67 we found a nuclear 
staining reaction in proliferating cells from various species such as Rhesus 
monkey, cov, sheep, dog and rabbit. In some basal cell layers of squamous 
epithella the cytoplasm of the proliferating cells turned out to be positive as 
well. These findings are similar to results obtained with human tissues. The 
intracellular distribution of the Ki-67 antigen in mitotic cells suggested that 
during cell division the antigen may be part of the chromosome scaffold. 
Quantitation of the Kl-67 fluorescence signal using flow cytometry revealed the 
highest staining intensities in mitotic cells. Furthermore, it was shown that 
nutritionally deprived cells become negative for Ki-67. 
In chapter 6 a monoclonal antibody (RN3) is described that is directed against 
the 80kD subunit of the Ku autoantigen. This antigen, a DNA-blndlng protein 
dimer consisting of a 70- and 80kD subunit, is found in patients with a 
scleroderma-polymyositis overlap syndrome. Antibody RN3 precipitated both Ku 
proteins from HeLa cellular extracts. It is shown that a significant amount of 
the antigen is associated with the nuclear matrix, suggesting that the 80kD 
protein may function in anchoring the 70kD-DNA complex to the nuclear matrix. 
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SAHENVATTING EN CONCLUSIES 
Dit proefschrift beschrijft een studie naar de samenstelling en structurele 
organisatie van de kernmatrix in eukaryotische cellen. Eveneens zijn enkele 
klinisch relevante kernmatrixcomponenten gekarakteriseerd met behulp van 
monoclonale antilichamen en humane autoimmuunsera. 
Hoofdstuk 1 geeft een overzicht van recent gekarakteriseerde kernmatrixeivitten 
en van de morfologische aspekten van de drie belangrijkste strukturele eenheden 
in de kernmatrixstruktuur. 
Hoofdstuk 2 beschrijft een immunochemische benadering voor de identificatie van 
de eiwitcomponenten van HeLa S3 kernmatrices. Procedures voor de isolatie van 
deze strukturen werden opnieuw bekeken, maar nu met speciale aandacht voor het 
gebruik van verschillende nucleases en detergentia, alsmede voor de ionsterkte 
van de uiteindelijke zoutoplosssing. Na het tot stand komen van een 
gestandaardiseerde en reproduceerbare isolatieprocedure, werden verschuilende 
eiwitten in dergelijke kernmatrixpreparaten geïdentificeerd met behulp van 
twee-dimensionale immunoblotting en co-elektroforese. Voor dit doel is gebruik 
gemaakt van zowel monoklonale antilichamen als van humane autoimmuunsera. Deze 
antilichamen stelden ons in staat een aantal eiwitten te identificeren die 
specifiek deel uitmaken van de kernmatrix en toonden eveneens aan dat een deel 
van de cytoskeletaire eiwitten nog steeds in zulke geïsoleerde strukturen 
aanwezig is. 
Hoofdstuk 3 beschrijft het 70K UI RNA geassocieerde eiwit waarvan door middel 
van celfraktioneringsexperimenten is aangetoond dat het gedeeltelijk met de 
kernmatrix geassocieerd is. De mogelijkheid dat het 70K eiwit zou kunnen 
funktioneren in de aanhechting van het UI RNP partikel aan de 
kernmatrixstruktuur wordt versterkt door de bevinding dat, afhankelijk van de 
isolatiemethode, UI RNP partikels geïsoleerd kunnen worden die het 70K eiwit 
bevatten dan wel missen. Gebruikmakend van een monoklonaal anti-70K antilichaam 
in combinatie met humane autoimmuunsera gericht tegen UI RNA geassocieerde 
eiwitten, kon met behulp van immuunfluorescentle aangetoond worden dat het 70K 
eiwit in dezelfde celgebieden gelokaliseerd is als de andere U RNP eiwitten, ook 
gedurende mitose. Deze resultaten suggereren dat, hoewel geassocieerd met de 
kernmatrix tijdens interfase, een gedeelte van het 70K eiwit gedurende de 
celdeling met de UI RNP partikels verbonden blijft. 
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Hoofdstukken 4 en 5 beschrijven de Intracellulaire lokalisatie van een 
kernmatrix geassocieerd en proliferatie-gerelateerd antigeen dat herkend vordt 
door het monoklonale antilichaam Ki-67. Dit antilichaam kan gebruikt worden ter 
bepaling van de groeifraktie van humane tumoren in situ en kan als zodanig van 
prognostisch belang zijn. 
In Interfase cellen reageert Ki-67 met een antigeen dat zich voornamelijk in de 
nucleoli bevindt. Confocale scanning laser microscopie en 
immuno-elektronenmicroscople toonden aan dat dit nucleolaire antigeen 
hoofdzakelijk gelokaliseerd is in de nucleolaire cortex en in de 
elektronendichte fibrlllalre componenten. Het Ki-67 antigeen bleek behouden te 
blijven in kernmatrixpreparaten verkregen na in situ fraktionering van gekweekte 
cellen. Het betrekking tot de species-specificiteit van Ki-67 werd een 
kernkleuring gevonden in prolifererende cellen van verschillende species zoals 
Rhesus aap, rund, schaap, hond en konijn. Basale cellagen van enkele typen 
plaveiselepitheel bleken een cytoplasmatische aankleuring in de prolifererende 
cellen te vertonen. Deze bevindingen zijn vergelijkbaar met resultaten 
verkregen met humane weefsels. 
De intracellulaire verdeling van het Ki-67 antigeen in mitotische cellen 
suggereert dat gedurende de celdeling het antigeen deel uitmaakt van het 
zogenaamde chromosoomskelet. Kwantificering van het Ki-67 fluorescentiesignaal 
door middel van flow-cytometrie gaf de hoogste kleuringsintensiteit te zien in 
mitotische cellen. Verder werd aangetoond dat gevaste cellen negatief worden 
voor Ki-67. 
In hoofdstuk 6 wordt een monoklonaal antilichaam (RN3) beschreven dat gericht is 
tegen de BOkD subeenheid van het Ku autoantigeen. Dit antigeen, een DNA-bindend 
eiwltdimeer bestaande uit een 70- en BOkD component, wordt ook herkend door 
autoantilichamen van sommige patiënten met een scleroderma-polymyositis overlap 
syndroom. Antilichaam RN3 preciplteert beide eiwitten uit HeLa cellulaire 
extracten. Verder kon worden aangetoond dat een aanzienlijk deel van het 
antigeen geassocieerd is met de kernmatrix, hetgeen suggereert dat het BOkD 
eiwit zou kunnen funktloneren in de verankering van het 70kD-DNA complex aan de 
kernmatrix. 
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biochemie-onderwijs aan tweede jaars studenten Scheikunde. 
In april 1985 werd te Lunteren de basiscursus van de Nederlandse Vereniging voor 
Oncologie gevolgd. 
Sinds maart 1988 is hij werkzaam op de afdeling Biochemie van de Katholieke 
Universiteit te Nijmegen op een door het Reumafonds gesubsidieerd projekt 
getiteld: Klonering en expressie van het Scleroderma-86 antigen. 
Ron Verheijen is gehuwd met Willy Verkroost. 
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STELLINGEN 
I 
Alleen al uit het oogpunt van efficiëntie is het aannemelijk dat er in de 
celkern een direkte verbinding bestaat tussen de nucleoli en het kernmembraan. 
(Hubert et al.1984. Biol. Cell., 52¡ 91-102) 
II 
Gevoelsmatige en niet standaardiseerbare begrippen zoals 'gentle' en 'mild' 
zouden niet gebruikt moeten worden in beschrijvingen van biochemische 
isolat ieprocedures. 
III 
De afwezigheid van autoantillchamen gericht tegen het 70K UI RNP-geassocieerde 
eiwit in anti-RNP sera is kenmerkend voor systemische lupus erythematodes (SLE). 
IV 
De waargenomen interaktle van cytoskeletalre structuren met de kernmembraan 
(hoofdstuk 1 van dit proefschrift) is moeilijk in overeenstemming te brengen met 
het fenomeen van de kernrotatie. 
(De Boni, U. and Mlntz, A.H. 1986. Science, 234; 863-866) 
V 
Het name bij het gebruik van prollferatle-markers in de pathologisch anatomische 
diagnostiek dient rekening te worden gehouden met de mogelijke 
plaats-afhankelljkheid van de proliférâtie-index van een tumor. 
(hoofdstuk 5 van dit proefschrift) 
VI 
In populair wetenschappelijke berichtgeving wordt de zogenaamde tweelingparadox 
maar al te vaak ten onrechte aangehaald om de uitzonderlijke consequenties van 
de relativiteitstheorie kracht bij te zetten. 
VII 
Industriële contract-research beoefend op unlversiteltslaboratorla heeft een 
eigen betekenis en maatschappelijke funktie, maar een onbaatzuchtige 
wetenschapsbeoefening mag daardoor niet in gedrang komen. 
Vili 
Gezien de enorme vlucht die de biochemie/biotechnologie de laatste jaren 
doormaakt, verdient het aanbeveling deze kennis niet alleen door adequate 
wetenschapsjournalistiek en uigebreide multi-mediale voorlichting te 
verspreiden, maar is het tevens van belang om biotechnologische ontwikkelingen 
op te nemen in een curriculum voor het algemeen voortgezet ondervijs. 
IX 
Zweefvllegers zijn tijdens de uitoefening van hun sport onderhevig aan het 
Henry-Gauer mechanisme en dienen daarom tijdens langere vluchten grote 
hoeveelheden vocht tot zich te nemen. 
(Leenen, L.P.H. 19Θ4. Organorama, 21; 11-15) 
X 
Zveefvliegers zijn tijdens een vlucht onderhevig aan perioden met 
hyperventilatie welke afhankelijk zijn van de vliegervarlng. 
(Leenen, L.P.H. 1984. Organorama, 21; 11-15) 
XI 
Een partnerrelatie zal over het algemeen slechts één academische promotie 
overleven. 
Nijmegen, 24 november 1988 Ron Verheljen 
